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CARBON COMPOUNDS AND 
CHEMICAL BONDS 


SOLUTIONS TO PROBLEMS 


Another Approach to Writing Lewis Structures 


When we write Lewis structures using this method, we assemble the mole- 
cule or ion from the constituent atoms showing only the valence electrons (1е., the 
electrons of the outermost shell). By having the atoms share electrons, we try to 
give each atom the electronic structure of a noble gas. For example, we give hy- 
drogen atoms two electrons because this gives them the structure of helium. We give 
carbon, nitrogen, oxygen, and fluorine atoms eight electrons because this gives them 
the electronic structure of neon. The number of valence electrons of an atom can be 
obtained from the periodic table because it is equal to the group number of the atom. 
Carbon, for example, is in group 4A and has four valence electrons; fluorine, in 
group 7A, has seven; hydrogen, in group 1A, has one. As an illustration, let us write 
the Lewis structure for CH3F. In the example below, we will at first show a hydro- 
gen's electron as x, carbon's electrons as o's, and fluorine's electrons as dots. 


Example A 


o .. 
3H*, Co, and °F: are assembled as 


F: or H:C:F: 
T H 


If the structure is an ion, we add or subtract electrons to give it the proper charge. As 
an example, consider the chlorate ion, C1047. 


Example B 


oe „ООо 
:CI*, and $08 and an extra electron X are assembled as 
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1.1 


12 


13 


1.4 


(a) H-F: (Фон-0-8-0: | (p н-б-4-б-н 
:0-Н 
:0 :0 
() ЗЕЕ: © H-Ü-4-O-H w н-0-0-0-н 
9 ГЭ 
©) не! (0 | H—B-H (G) H-C=N: 
H н 
(а) ÖN: (c) "cw: с)-н-0-0-0) 
Ч 
(b) HN: (8) H-0-3-0: (б H-cecr 
H :0 
im { * 
(а) Н-0-05 (c) Н-0-0 © H-C-N^H 
H H H H 
:0: 
(b) H-H (d) н-ф-н (© == 
H H Hc cH 
H 
p Joi 
а) Н-С . «> Н-С, 
.О;- `0. 


(b) and (c). Since the two resonance structures аге equivalent, each should make ап 
equal contribution to the overall hybrid. The C—O bonds should therefore be of equal 
length (they should be of bond order 1.5), and each oxygen atom should bear a 0.5 neg- 
ative charge. 
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CARBON COMPOUNDS AND CHEMICAL BONDS 3 


(a) In its ground state, the valence electrons of carbon might be disposed as shown in the 
following figure. 


The electronic configuration of a ground state carbon 
atom. The p orbitals are designated 2р,, Зру, and 2p, to 
indicate their respective orientations along the x, y, and 
z axes. The assignment of the unpaired electrons to the 
2p, and 2p, orbitals is arbitrary. They could also have 
been placed in the 2p, and 2p. or 2p, and 2p, orbitals. 
(To have placed them both in the same orbital would not 
have been correct, however, for this would have violated 
Hund's rule.) (Section 1.10.) 


The formation of the covalent bonds of methane from individual atoms requires that 
the carbon atom overlap its orbitals containing single electrons with 1s orbitals of hydro- 
gen atoms (which also contain a single electron). If a ground state carbon atom were to 
combine with hydrogen atoms in this way, the result would be that depicted below. Only 
two carbon-hydrogen bonds would be formed, and these would be at right angles to each 
other. 


The hypothetical formation of CH, from a carbon atom in its ground state. 


(b) An excited-state carbon atom might combine with four hydrogen atoms as shown 
in the figure above. 

The promotion of an electron from the 2s orbital to the 2p, orbital requires en- 
ergy. The amount of energy required has been determined and is equal to 400 kJ mol7’. 
This expenditure of energy can be rationalized by arguing that the energy released when 
two additional covalent bonds form would more than compensate for that required to 
excite the electron. No doubt this is true, but 1t solves only one problem. The problems 
that cannot be solved by using an excited-state carbon as a basis for a model of methane 
are the problems of the carbon-hydrogen bond angles and the apparent equivalence of 
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1.6 


17 


all four carbon-hydrogen bonds. Three of the hydrogens— those overlapping their 1s or- 
bitals with the three p orbitals—would, in this model, be at angles of 90° with respect 
to each other; the fourth hydrogen, the one overlapping its 1s orbital with the 25 orbital 
of carbon, would be at some other angle, probably as far from the other bonds as the 
confines of the molecule would allow. Basing our model of methane on this excited state 
of carbon gives us a carbon that is tetravalent but one that is not tetrahedral, and it pre- 
dicts a structure for methane in which one carbon-hydrogen bond differs from the other 
three. 


The hypothetical formation of CH, from an excited-state carbon atom. 


(a) Cis-trans isomers are not possible. 


Н.С CH, HC. JH 
(b) С--С and с=с. 


(c) Cis-trans isomers are not possible. 


СН.СН CHC 
(4) у. № Pc 
H H | H CI 


If the geometry of the carbon atom were square planar, two isomeric compounds with the 
formula CHCl, should exist. | 


на H-----Cl 
Pod and х? 
| 

1-б 07 
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The fact that only one form of СН,СІ, has ever been detected supports a tetrahedral geom- 
etry for carbon, because with a tetrahedral geometry only one compound with the formula 
СН,СІ, is possible. All of the following structures are just different orientations of the same 
molecule. 


Cl 
р 1 Ч is the УЛ“ 1s the ÁN 
at 4 ^ „+: N ~ 
^ OS UN same С^ same ^ etc. 
17: ~ AA, j ^ ri К 
Ну а CIS as 7-9 
Н мра" 


Make models to convince yourself of this fact. 


(a) There are four bonding pairs. The geometry is tetrahedral. 


(b) There are two bonding pairs about the central atom. The geometry is linear. 
Е Ве: 


(c) There are four bonding pairs. The geometry is tetrahedral. 


(d) There are two bonding pairs and two nonbonding pairs. The geometry is angular. 


S 
2) 
„ДУ, 
H 
(e) There are three bonding pairs. The geometry is trigonal planar. 


H 


| 
H^ BH 


(f) There are four bonding pairs around the central atom. The geometry is tetrahedral. 


-7 
= 
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6 CARBON COMPOUNDS AND CHEMICAL BONDS 


(g) There are four bonding pairs around the central atom. The geometry is tetrahedral. 


(h) There are three bonding pairs and one nonbonding pair around the central atom. The 
geometry is trigonal pyramidal. | 


1 
СІ G 
Е 120, Е 
^ 
1.9 (a) * 4с3 120 , trigonal planar at each carbon atom. 
F F 


(b CH,-CeC-CH, linear 


H 
| 
1.10 Н-0-0- | —C-H 


| 
111 (a) _CH CH; = 


qh, | 
b = 


() me >c CH, а 
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о mea a, + DOS 
CH;—CH 

Ом : x< 
0 Ё 

(2) нс “Сон „Сен h = P» эзы Ја 
Е. = АА 

(h) СН. cH; ee сн, = 


(a) and (d) are constitutional isomers with the molecular formula С.Н... 
(b) and (e) are constitutional isomers with the molecular formula С.Н,,О. 


(c) and (f) are constitutional isomers with the molecular formula С,Н,,, 


H СІН H | H Ң 
(а) H-C-C-C-C-C-C-H (с) i g с ms 
| Н, \ = H 
HHHH н c^ € у 
н он J | 
оно ХО н Hx H 
H, Јан 
No-H 
НН 
7N C. 
Г 
Н Н 
CI 
(a) p (Note that the Cl atom and the three H atoms 
H 5 may be written at any of the four positions.) 
CI Cl 
(b) ci^ vH or u^ Эн and so on 
H Cl 
in 
с " and oth 
©) вен ы 
H 
H 
(d) mE Cl and others 


7 
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1.15 


1.19 


1.20 


(a) Na* has the electronic configuration, 1522522р6, of Ne. 


(b) Clo has the electronic configuration, 1522522рб3523р5, of Ar. 


(c) F* and (h) Br* do not have the electronic configuration of a noble gas. 


(d) H- has the electronic configuration, 152, of He. 
(e) Ca?* has the electronic configuration, 1522522р63523рб of Ar. 
(f) 527 has the electronic configuration, 1522522 рб3 а Зрб of Ar. 


(g) O?- has the electronic configuration, 1522522р6 of Ne. 


:0 0: wan бие, 
(a) ~ Ш њу ea: о МЯ" 
дэн OGE ©, 


(b CH;—S—CH, 
+ 


(a) (CH,),CHCH,OH 


(b) (CH,),CHUCH(CH,), 


(а) C4H440 

(b) C,H, ,0 

(a) Different compounds, not 
isomeric 

(b) Constitutional isomers 

(c) Same compound 

(d) Same compound 

(e) Same compound 

(f) Constitutional isomers 


(g) Different compounds, not 
isomeric 


(h) Same compound | 


|. зав 
(4) Он о 


o : 
(c) HC—CH, 
HC—CH, 


(d) (CH,),CHCH,CH,OH 


(c) С.Н, 

(d) С;Н,,0 

(i) Different compounds, not 
isomeric 

0) Same compound 

(k) Constitutional isomers 

(1) Different compounds, not isomeric 

(m) Same compound 

(n) Same compound 


(o) Same compound 


(p) Constitutional isomers 
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1.25 
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О 
(b) ~ (d) “Сүрэн (f) 
(0) 
H. H 
ES, е я 
Н-С С-Н | [| 
(a) ^ | © н | нн 
H c-H Н-С-Н 
/MN Y i 
н ON” н Ї 
Н 
H О: 
| e RECS 
H. UC. „н ан | 
(b) | | Н-С - 
H^ “№ “и H H 


CH=CHCH,CH, | CH,CH-—CHCH, CH=CCH, 


H 

С--С Н.С 1 
d I, "| >cH-CH, 
H,C—CH, HC 

Ч + © 1 | уст 
AN. <> H-C-N. 

н ©- | ü “о 

|| 
ын XD 
H 

ji 
H-C-0-N-Ó: 

H (Other structures are possible.) 


(a) While the structures differ in the position of their electrons, they also differ in the 
positions of their nuclei and thus they are not resonance structures. (In cyanic acid 


: the hydrogen nucleus is bonded to oxygen; in isocyanic acid it is bonded to nitrogen.) 


(b) The anion obtained from either acid is a, .. 3 22 
resonance hybrid of the following structures: *O-C=N: < :0::0-М: 
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| 
1.26 Н-С 
(а) А + charge. (F2 4 — % = +1) 
(b) A + charge. (It is called a methyl cation.) 
(c) Trigonal planar, that is, 
H 
а + 
HOCH 
(d) sp? 


1.27 H- 


-0 


m 


(a) А — charge. (F =4 — 7 –2= – 1) 
(b) А — charge. (It is called a methyl anion.) 


(c) Trigonal pyramidal, that is 
TU \ 
H H 
(d) sp? 
1.28 Н-С · 


(а) No formal charge. (F 2 4 — % — 1 20). 
(b) No charge. 


(c) sp?, that is, 
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*1.31 
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CARBON COMPOUNDS AND CHEMICAL BONDS 11 


(a) and (b) 
[17 + .. + 


0 0 
o Sd 4—» 37. 


(c) Because the two resonance structures are equivalent, they should make equal contri- 
butions to the hybrid and, therefore, the bonds should be the same length. 


(d) Yes. We consider the central atom to have two groups or units of bonding electrons 
and one unshared pair. 


Structures A and C are equivalent and, therefore, make equal contributions to the hybrid. 
The bonds of the hybrid, therefore, have the same length. 


(a) constitutional isomers (b) the same 
(c) resonance forms (d) constitutional isomers 
(e) resonance forms (f) the same 
+ ш 
(а) О =М=О: 
(b) Linear 


(c) Carbon dioxide 


:Вг: ` 
Set A: m^ Вр” ви ве 
:Вг: 


~ HN ^^ он YO On Р 


Set B: 
:ОН ‚МН, ` 
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H СН,ОН CH; H 
б: |7 х? 
Зоос " с 
| o рео: B || | 
Set C: b C 1 
а | 0 
с 
[and unstable enol forms of a, b, and c] 
* ~~~“ 
Set D: ^, NH; VEN 
H H 
К = vl MER T 
SetE: М x (i.e., СН,СН,СН, and CH,CHCH,) 
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REPRESENTATIVE CARBON COMPOUNDS: 
FUNCTIONAL GROUPS, INTERMOLECULAR 
FORCES, AND INFRARED (IR) 
SPECTROSCOPY 


SOLUTIONS TO PROBLEMS | 


2.1 


22 


2.3 


2.4 


ó- 6 
(a) Н—Е or Н—Е (c) Br—Br 
> и =0 

6+ 5 
(b I—Br or [В (d) ЕЕ 
+> u=0 


VSEPR theory predicts a planar structure for BF}. 
F 


P 
Pd 
E шей 


The vector sum of the bond moments of a trigonal planar structure would be zero, result- 
ing in a prediction of p = 0 for ВЕ,. This correlates with the experimental observation and 
confirms the prediction of VSEPR theory. 


The shape of ССІ,=ССІ, (below is such that the vector sum of all of the С--С bond mo- 
ments is Zero. 


ах ла 
=. 
cac Ng 


The fact that SO, has a dipole moment indicates that the molecule is angular, not linear. 


.* Bx ee ee se 
„О О. not :О—5—0: 
: х , 2 

И = 1.63 р н=0 


‘An angular shape is what we would expect Кот VSEPR theory, too. 


15 
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The fact that CO, has no dipole moment indicates that its shape is linear, not angular. · 


:0==<==0: not | Ро 
:02 $0; 
w= 0 “най 


2.5 Again, this is what VSEPR theory predicts. 


Ut 2 net dipole 
T : 


НО WY 


нс NS 


2.6 In CFCI, the large C-F bond moment opposes the С-С1 moments. Because hydrogen is 
much less electronegative than fluorine no such opposing effect occurs in СНСІ,; there- 
fore, it has a larger net dipole moment. 


ili н, 
о ! ci" 229 | 


Smaller net Larger net 


dipole moment dipole moment 
Ку А H a 
X : 
27. (a) C—C | net dipole (b) vof ц-0 
N moment / х 
Н Н p^ H 
Ч. CF net dipole NC JF =0 
(c) С=С +> moment Чу ел ^ 
H Хар | БУ “ХЕ 
HU Z Br 29 „Н net He Z Br 
ын n =. 29 M i A в-0 
нх гк” "Вг B H 
cis | trans 
net 4— 
dipole moment Cis-trans isomers 
Br Cl Br Cl Br 
(b) x 2 Зо 2 dipole ~ 5-0 p=0 
ух с moment 
m7 Ха а 2 EV „2 Sc 
cis i trans 
net +> ——Á— M — шшш Ó 
dipole moment Cis-trans isomers 
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2.10 


2.11 


2.12 


2.13 


2.14 


2.15 


(а) CH,CH,CH,CH,Br 
(b) CH,CHCH,CH, 
Br 

(a) CH,CH;F 
(c) Propyl bromide 
(e) Phenyl iodide 


(a) СН,СН,СН,СН,ОН 


(b) CH,CHCH,CH, 
ou 
(a) CH,CH,CH,OH 


(а) CH,CH,-O-CH,CH, 


(c) CH,CH;-O-CHCH, 
CH, 
(e) Diisopropy! ether 


(a) CH,CH,CH,NH, 


(c) CH;-N-CH,CH, 


„С 


Н.С СН, 
(e) Tripropylamine 


(g) Dimethylphenylamine 


(a) (a)only 


CH, 


(b) (9,0 


REPRESENTATIVE CARBON COMPOUNDS 17 


CH,CHCH,Br 


H, 
CH, 
(c) CH;-C-Br 
H, 


(b) ч or (СН,),СНСІ 
1 


(d) Isopropyl fluoride 


and CH,CHCH,OH 


H, 
CH, 
(c) CH;-C-OH 
H, 
(b CH,CHCH, ог CH,CH-OH 
OH CH, 


(b) CH,CH,—O-CH,CH,CH, 
(d) Methyl propyl ether 
(f) Methyl phenyl ether 


(b) CH;-N-CH, or (СНОМ 
CH, 
(d) Isopropylpropylamine 


(f  Methylphenylamine 


(с) (bceg 


CH, 


| ++ [am ... 
(а) CHN: + Н-СЕ ---» СЫН + CI 


CH, 
(b) sp3 


CH, 
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2.17 (а) CH,CH,CH,CH,OH would boil higher because its molecules can form hydrogen 
bonds to each other through the -0-Н group. 


(b CH,CH,NHCH, would boil higher because its molecules can form hydrogen 
bonds to each other through the -N-H group. 


(с) НОСН,СН,СН,ОН because by having two -Ó-H groups, it can form more 
hydrogen bonds. 


2.18  Cyclopropane would have the higher melting point because its cyclic structure gives it a 
rigid compact shape that would permit stronger crystal lattice forces. 

2.19 (a) Ketone (b) Alkyne (c) Alcohol (4) Aldehyde 
(e) Alcohol (0) Alkene 


2.20 (а) Three carbon-carbon double bonds (alkene) and a 2? alcohol 
(b) Phenyl, carboxylic acid, amide, ester, and a 1° amine 
(c) Phenyl and a 1? amine 
(d) Carbon-carbon double bond and a 2? alcohol 
(e) Phenyl, ester, and a 3? amine 
(f) Carbon-carbon double bond and an aldehyde 


(g) Carbon-carbon double bond and 2 ester groups 


CH, 
221 CH,CH,CH,CH,Br CH,CH,CHCH, | CH,CHCHjBr CH;-C—CH, 
Br 3 Br 
1° Alkyl 2° Alkyl 1° Alkyl 3° Alkyl 
halide halide halide halide 
CH, 
222 CH,CH,CH,CH,OH — CH,CH,CHCH,  СН,СНСН,ОН CH,-C-CH, 
ÓH H, OH 
1° Alcohol 2° Alcohol 1° Alcohol 3° Alcohol 


CH,OCH,CH,CH, | СН,ОСНСН, | CH,CH,OCH,CH, 
Ether CH, Ether 
Ether 
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MEN SY 75 
и 
CH,CCH, CH,CH,CH нд Н.С-НС”--СБ, 
Ketone Aldehyde Ether Ether 
YEN 
CH=CHCH,OH CH=CH -0-CH, | нон 
Alkene, alcohol Alkene, ether H Alcohol 
224 (а) 1 (Ы) 2 (с) 3° (дф 3 (е) 2° 
225 (a) ? ( 1° (c) 3° (7? (е) 2° (0) 3 
226 (а) CH,OCH,CH,CH, CH,OCHCH, CH,CH,OCH,CH, 
CH, 
HC. | 
(b | (CH-CH,OH CH;=CHCH,CH,OH СН,СН =CHCH,OH 
HC 
OH 
2 HC 
(c) | ScH-on (d) | х--сн, 
2С HC 
Q И 
(е) H-C-O-CH,CH, СН--С-0-СН, 
(D СН,СН,СН,СН,СН,Вг CH,CHCH,CH,Br CH,CH,CHCH,Br 
CH, CH, CH, 
CH;-C—CH;-Br 
CH, 
CH, 
(8) CH,CHCH,CH,CH, СН,СН,СНСН,СН, CH,CHCHCH, 
Br Br Br 
CH, 
(h) СН,СН/-0-вг 
Н, 
| | | 
G) CH;CH,CH,CH,CH CH,CHCH,CH CH,CH,CHCH 
CH; СН» 
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2.27 


2.28 


о Q О 
| | 
б) CHËCH,CH,CH, CH,CH,CCH,CH, CH,CHCCH, 
H, 
ү 
(к) CH,CH,CH,NH, CH,CHNH, 
(D CH,CH,NHCH, (m) (СНОМ 
| 1 
(n) H-C-NHCH, CH;-C-NH, 


(a) CH,CH,CH,OH because its molecules can form hydrogen bonds to each other 
through its CO—H group. 


(b) HOCH,CH,OH because with two-O-H groups, its molecules can form more 
hydrogen bonds with each other. 


(c) NSO because its molecules can form hydrogen bonds to each 


other. 
(d) [> он [Same reason as (c)]. 
(e) NH because its molecules can form hydrogen bonds to each other through 
its =NH group. 


(f) F F because its molecules will have a larger dipole moment. (The trans 
) m 1 compound will have џ = 0.) 
О 


(8) pm [Same reason as (c)]. 


(h) Nonane, because of its larger molecular weight and larger size, 
will have larger van der Waals attractions. 


(i) >= because its carbonyl group is far more polar than the double bond 
of 


(a) The alcohol would have a broad absorption from the O—H group in the 3200 to 
3500 ст! region of its IR spectrum. The ether would have no such absorption. 

(c) The ketone would have a strong absorption from its carbonyl group near 1700 стг! 
in its IR spectrum. The alcohol would have а broad absorption due to its hydroxyl group 
in the 3200 to 3500 ст! region of its IR spectrum. 
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2.30 


2.31 


2.32 
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(d) Same rationale as for (a) 


(е) The secondary amine would have an absorption near 3300 to 3500 ст! arising 
from N—H stretching. The tertiary amine would have no such absorption in this region 
since there is no N—H group present. 


(в) Both compounds would exhibit absorptions near 1710 to 1780 cm™* due to carbonyl 
stretching vibrations. The carboxylic acid would also have a broad absorption some- 
where between 2500 and 3500 ст“ | due to its hydroxyl group. The ester would not 
have a hydroxyl absorption. 

(i) The ketone would have a strong absorption from its carbonyl group near 1700 ст! 
in its IR spectrum. The alkene would bave no such absorption but would have an ab- 
sorption between 1620 and 1680 ст" due to C=C stretching. 


О 
| т I | 
(а) CH,CH,CNH, | CH,CNCH, НОМСН,СН, — H-C-N-CH, 


H H CH, 


(b) The last one given above [1.е., HCN(CH,),] because it does not have a hydrogen 
that is covalently bonded to nitrogen and, therefore, its molecules cannot form 
hydrogen bonds to each other. The other molecules all have a hydrogen covalently 
bonded to nitrogen and, therefore, hydrogen-bond formation is possible. With the 
first molecule, for example, hydrogen bonds could form in the following way: 


H 
О НАМ, 
CH,CH,C ,CCH,CH, 
ore 
H 


О 

{ | 
An ester group, (bot 

CHa 


The attractive forces between hydrogen fluoride molecules are the very strong dipole— 
dipole attractions that we call hydrogen bonds. (The partial positive charge of a hydrogen 
fluoride molecule is relatively exposed because it resides on the hydrogen nucleus. By con- 
trast, the positive charge of an ethyl fluoride molecule is buried in the ethyl group and is 
shielded by the surrounding electrons. Thus the positive end of one hydrogen fluoride mol- 
ecule can approach the negative end of another hydrogen fluoride molecule much more 
closely, with the result that the attractive force between them is much stronger.) 


(a) and (b) are polar and hence are able to dissolve ionic compounds. (c) and (d) are non- 
polar and will not dissolve ionic compounds. 
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2.33 


2.34 


H i> Њу, 25 не. Д 
(а) не 8 (е) wt (h) => 2. 
Н H F H,C 
Cl No Н,С 
є № у» 
(b) ЖУЛ » (f) | dipole (i) * Дд. 
H/N СІ "Cl moment H 
F 
F ue 
/ | ) Мо Я 28 s 
(c) НС. (в) F—Be—F dipole QG) С=О: 
X moment H 
Pi No 
(d) F—C^p dipole 
ba moment 


(a) Dimethyl ether: There are four electron pairs around the central oxygen: two bonding 
pairs and two nonbonding pairs. We would expect sp? hybridization of the oxygen with a 
bond angle of approximately 109.5? between the methyl groups. 


7 
нисте Ср 


HC 


(b) Trimethylamine: There are four electron pairs around the central nitrogen: three bond- 
ing pairs and one nonbonding pair. We would expect sp? hybridization of the nitrogen with 
a bond angle of approximately 109.5? between the methyl groups. 


0 


отон 
HC : 


(c) Trimethylboron: There are only three bonding electron pairs around the central boron. 
We would expect sp? hybridization of the boron with a bond angle of 120* between the 


methyl groups. 
| 


B 
H,C^ “СН, 
(d) Dimethylberyllium: There are only two bonding electron pairs around the central 
beryllium atom. We would expect sp hybridization of the beryllium atom with a bond an- 


gle of 180? between the methyl groups. 


H,C—Be—CH, 
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2.36 


2.37 


2.38 


2.39 
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Without one (or more) polar bonds, a molecule cannot possess a dipole moment and, there- 
fore, it cannot be polar. If the bonds are directed so that the bond moments cancel, how- 
ever, the molecule will not be polar even though it has polar bonds. 


Crixivan has the following functional groups: 


3? Amine 2? Alcohol 


Aromatic 
amine Amide 


C(CH), 


Hydrogen bond 


Hydrogen bond 
O 
2 
С» «о >< 
H 
A B B’ 


The 1780-cm ' band is in the general range for C=O stretching so structure В’ is con- 
sidered one of the possible answers, but only B would have its C—O stretch at this high 
frequency (B’ would be at about 1730 ст“ '). 


(b) The cis isomer will have the 3572-cm '! band because only in it are the two hy- 
droxyl groups close enough to permit intramolecular hydrogen-bonding. (Intermolecu- 
lar hydrogen-bonding is not possible at high dilution in a non-polar solvent like ССМ.) 
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"240 (a) OH 


СН, 
СН, 
(b) enantiomers 
OH HO 
ACH, Н.С» 
"СН, Н.С") 
Н . | 
diastereomers 
OH HO 
«СН; НС». 
(Enantiomers and diastereomers 
vH Н“; are defined in Chapter 5.) 
СН, Н,С 
— 
enantiomers 
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AN INTRODUCTION TO 
ORGANIC REACTIONS: ACIDS AND BASES 


SOLUTIONS TO PROBLEMS 
:Е: ЈЕ: 
up м s.d ns 
31 (a СНу-0--Н T P — СН 0—8: 
| ЈЕ: Н ЈЕ 
Pam c № 22 
ъ снесе + “м—@: > CHCA Cr: 
ic Cl: 
ЈЕ: 
о А ре M vi 
(с) CH4—0—CH, + гаг —> ux E 
F: CH, :F 
3.2 (a) Lewis base (b) Lewis acid 
(c) Lewis base (d) Lewis base 
(e) Lewis acid (f Lewis base 
| :Е: H T 
AT = 5 
3.3 са t быш. > CH,—N——B-—E: 
CH, ЈЕ: CH, :F: 
Lewis base Lewis acid 
[H,O*] [HCO, | -4 
3.4 К = 177 x 10 
SUE ia [HCO,H] 


Let x = [H,0*] = [HCO; 1 at equilibrium 
then, 0.1 — x = [HCO H] at equilibrium 
but, since the K, is very small, x will be very small and 0.1 — x = 0.1 


Therefore, ; 
(x) (x) 
01 = 177 х 10 
x2 = 177 х 107 
x = 0.0042 = [H,07] = [HCO; | 


27 
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(b) %lonized = ПАР". x 100 or ECO] x 100 
0042 


0.1 х 100 = 4.2% 
35 (a) рК,--1061077--(-47)-7 


(b рК, = —log 5.0 = —0.699 


(c) Since the acid with a K, = 5 has a larger K,, it is the stronger acid. 


3.6 When H4O* acts as an acid in aqueous solution, the equation is 


H40* + H,O H,O + ЊО" 
and K, is 
[H,O][H;0*] 
К.---2-53-1-1Н,О 
а [H,O*] [0] 


The molar concentration of H,O in pure Н,О, that is, [H,O] = 55.5; therefore, K, = 55.5 
The pK, is 
pK, = —log 55.5 = — 1.74 
3.7 The pK, of ће methylaminium ion is equal to 10.6 (Section 3.5C). Since the pK, of the 


anilinium ion is equal to 4.6, the anilinium ion is a stronger acid than the methylaminium 
ion, and aniline (С,Н.МН,) is a weaker base than methylamine (CH,NH,). 


3.8 (a) Negative. Because the atoms are constrained to one molecule in the product, they have 
to become more ordered. 
(b) Approximately zero. 
(c) Positive. Because the atoms are in two separate product molecules, they become more 


disordered. 


39 (а) НК, = 1 


then 
: — AG? 
ок. = 0 = ——— 
Ob eq 2.303RT 
AG? = 0 
(b IfK,, = 10 
then, — Ace 
рок, = 1 = —— 
eq 2.303RT 
АС” =  —(2.303)(0.008314 kJ тој“! K^5)(298 K) = —5.71 kJ mol! 
(c) AG? = AH? — TAS? 
AG? = AH» = —5.71 kJ mol if AS = 0 
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Structures A and B make equal contributions to the overall hybrid. This means that the 
carbon-oxygen bonds should be the same length and that the oxygens should bear equal 
positive charges. 


( О - 
a p 
H,C—C <— > Н,С-С 
Мо. Se 
(.0- 9 
А B 


(a) CHCLCO,H would be the stronger acid because the electron-withdrawing inductive 
effect of two chlorine atoms would make its hydroxyl proton more positive. The electron- 
withdrawing effect of the two chlorine atoms would also stabilize the dichloroacetate ion 
more effectively by dispersing its negative charge more extensively. 


(b) ССІ,СО,Н would be the stronger acid for reasons similar to those given in (a), €x- 
cept here there are three versus two electron-withdrawing chlorine atoms involved. 


(c) CH,FCO,H would be the stronger acid because the electron-withdrawing effect of a 
fluorine atom is greater than that of a bromine atom (fluorine is more electronegative). 


(d) СН,ЕСО,Н is the stronger acid because the fluorine atom is nearer the carboxyl 
group and is, therefore, better able to exert its electron-withdrawing inductive effect. (Re- 
member: Inductive effects weaken steadily as the distance between the substituent and the 
group increases.) 


All compounds containing oxygen and most compounds containing nitrogen will have an 
unshared electron pair on their oxygen or nitrogen atom. These compounds can, therefore, 
act as bases and accept a proton from concentrated sulfuric acid. When they accept a pro- 
ton, these compounds become either oxonium ions or ammonium ions, and having be- 
come ionic, they are soluble in the polar medium of sulfuric acid. The only nitrogen com- 
pounds that do not have an electron pair on their nitrogen atom are quaternary ammonium 
compounds, and these, already being ionic, also dissolve in the polar medium of concen- 
trated sulfuric acid. 


4 и Cx - methanol zc 
(a) CH,O—H + > CHO: + H, 
Stronger acid Stronger Weaker Weaker 
pK, = ~16 base base acid 
(from NaH) pK, = 35 
AY 3. - са ~ - 
(b) CH,CH,O UM + “адні 42256» CHCHÓ: + NB, 
Stronger acid Stronger Weaker Weaker 
pK, = 16 base base acid 
(from NaNH 2) _ pK, = 38 
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12) ћехапе мо 
(c) ен Ze — — м + CHCH, 
H Stronger Weaker Weaker 
Stronger acid base base acid 
рк, = 38 (from CH,CH,Li) pK, = 50 
1 
+ Ё c.m liq. NH 
(d) a Эң + йн М ago + 6, 
H Stronger Weaker Weaker 
Stronger acid base base acid 
PK, =92 (from NaNH;) pK, = 38 


(from NH,CI) 
| 


(e) н-б-н + :0C(CHj, 
Stronger acid Stronger 
pK, = 15.7 base 
[from (CH43),CONa] 


H,O TE 
—=> H—0: 


+ HOC(CH,), 


Weaker Weaker 
base acid 
pK, = 18 


(f) No appreciable acid-base reaction would occur because NaOH is not a strong enough 


base to remove a proton from (CH,),;COH. 


314 (a) HC=CH + Ман e  gc—cNa + H, 

(b HC=CNa + рд 22 9 HC=CD + Мор 
h " 

(c) CH,CHLi + DO -> CH,CHD + LOD 
hexane 

(d) CH,CH,OH + NaH —  » СН,СН,/ОМа + H, 
hexane 

(е) CH,CH,ONa + TO — M CH,CHOT + NaOT 
h 

(f) CH,CH,CH,Li + ро  — MÀ » CH,CH,CH,D + цор 


3.15 (a) :МН, (the amide ion) (d) 
(b) Н-0: (the hydroxide ion) (e) 
(c) :H' (the hydride ion) (f) 


3.16 


3.17 


:NH, > tH” > H-CmX > СН: 


(a) H,SO, (d) NH, 
(b) H,O* (е) CH,CH, 
(с) CH4NH,* (б CH,CO,H 


H—C=C: (the ethynide ion) 


CHO: (the methoxide ion) 


H,O (water) 
= Н-00 > HO 
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3.18 H,SO, > H;O* > CH,CO,H > CHNH,* > МН, > CH,CH, 


Cl: 
зэ .. + |- .. 
3.19 (а) CH,CH;—CH + АС, ——* CH4CH;—Cl —A1—Cl: 
Lewis ` Lewis Си Ы 
base acid ~ 
F : 
2 um! + l- Е 
(b) CH;—OH t BF, — CH;-O—B—F: 
7 : b lo 
Lewis Lewis НЕ: 
Базе acid “ 
bes 1 
(c) сн: + HQ: —> сш мон 
CH; CH, 
Lewis Lewis 
acid base 


ok се sei 
3.20 (a) CH;—OH + pp. ——> OL-O-H + 26 


H 
(b) CH—NH, + нас: --» сын + С: 
H 
Ии ^w H H 
(c) а + HOF: —> Н-0-0-Н + d 
H 


3.21  Becausethe proton attached to the highly electronegative oxygen atom of CH4OH is much 
more acidic than the protons attached to the much less electronegative carbon atom. 


25 liq. NH 239 
322. СН,СН,-ООН” + ^с=сС-н 2935 CHCH -ÖF + H-C=C-H 
3.23 (а) рк, = —log 1.77 X 10-4 24 —0.248 = 3.752 
(b K,=10-8 


3.24 (а) HB is the stronger acid because it has the smaller pK,. 


(b) Yes. Since A- is the stronger base and HB is the stronger acid, the following 
acid-base reaction will take place. 


ща : 
А“ + Н--4 — A—H + В: 
Stronger Stronger Weaker Weaker 
base acid acid base 
pK,= 10 pK,- 20 


© 2000, Modulo Éditeur inc. / © 2000 John Wiley & Sons Inc. 


32 


AN INTRODUCTION TO ORGANIC REACTIONS: АС125 AND BASES 


n 2 - Ч 
3.25 (а) CH,CH,-C—O—H + :0-Н 2-9 СН,СН-0-0: + Н-0-Н 
:0 :0 
|| «үз. x || = = 
(b) C4H,-8-O-H + :0-Н ——> C4H;-3-0: + H-O-H 
:0 :0 


3.26 


3.27 


(c) No appreciable acid-base reaction takes place because CH,CH,ONa is too weak а 


base to remove a proton from ethyne. 


Pm h 
à) Н-с-с7Н + Уснјсн, > н—с=с:- + CH,CH, 
(from 
LiCH,CH,) 
ва ћ n 
(e) CHCH ÖH” ЭСН,СН, “> cHz-cH;-0: + CHCH, 
(from 
LiCH,CH,) 
ether 
(a) СЕН,—С=С—Н + NaNH, ———9 C,H,—C=C:- Nat + NH, 
then 


CH C=C: Nat + ТО ——> C4H;-C—C—T + NaOT 


(b) Hc аа. + Ман —> CH HONS + H, 


CH, CH; 

then 

СН-СН-ОМа + DO ——= СН,-СН-0-0 + NaOD 
Н, Н, 


(с) CH,CH,CH,OH + NaH —— CH,CH,CH,ONa + H, 
then 


CH,CH,CH,ONa + D,O э CH,CH,CH,OD + маор 


(a) CH,CH,OH > CH,CH,NH, > СН,СН,СН, 


Oxygen is more electronegative than nitrogen, which is more electronegative than carbon. 
The O-H bond is most polarized, the N-H bond is next, and the C-H bond is least polar- 
ized. 


(b CH,CH,O- < CH,CH,NH- < СН,СН,СН,- 


The weaker the acid, the stronger the conjugate base. 
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(à CH,C=CH > СН,СН-СН, > СН,СН,СН, 
(b CH,CHCICO,H > CH,CH,CO,H > СН,СН,СН,ОН 
(с) CH,CH,OH,” > CH,CH,OH > CH,OCH, 


(a)  CH,NH, < СНАН, < CH,NH ~ 
(6) СЊО“ < CH,NH' < CH,CH, 
(с) СЊСЕС“ < CH,CH-CH' < CH,CH,CH, ` 


The acidic hydrogens must be attached to oxygen atoms. In H4PO,, one hydrogen is 
bonded to a phosphorus atom: 


О id 
Н-0-Р-0-Н cx 
? B3 
H H 
"o 
7 
(а) нс + :0–н —> Н-С + H—O 
Коле 0:- 
о-н H 
"o Tera 
Y oe | m 
(b) нс, +~:0-H — E E 
:0--СН, :0—CH, 
Or, 
ГЭ. / " 
© H—C—0—H —> нс + :0—CH, 
07 сн, O—H 


(4) H—0: ^ + “сн: —» Н-0-СН, + И: 


CHs KH 
© н—б:7 + “H+ Leip —> CH,=C + СЕ 


Сн, CH, + Н-0-Н 
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3.32 (a) Assume that the acidic and basic groups of glycine in its two forms have acidities 
and basicities similar to those of acetic acid and methylamine. Then consider the equilib- 
rium between the two forms: 


| | 
H—N—CH,-C—0—H => HONE CH, —C—O- 


| 
e cg У «s ша! 


base acid base 
We see that the ionic form contains the groups that are the weaker acid and weaker base. 
The equilibrium, therefore, will favor this form. 
(b) The high melting point shows that the ionic structure better represents glycine. 
3.33 (а) The second carboxyl group of malonic acid acts as an electron-withdrawing group 
and stabilizes the conjugate base formed (1.е., HO;CCH5CO; ) when malonic acid loses 
a proton. [Any factor that stabilizes the conjugate base of an acid always increases the 


strength of the acid (Section 3.10C).] An important factor here may be an entropy ef- 
fect as explained in Section 3.9. 


(b When ОССЊСОН loses a proton, it forms a dianion, O;CCH5CO; . This 
dianion is destabilized by having two negative charges in close proximity. 


3.34 НВ is the stronger acid. 


3.35 AG? = AH? — TAS? 
= 6.3 kJ mol ! — (298 K)(0.0084 kJ mol К!) 


= 3,8 kJ mol`! 
AG? 
log К, =log К = -pK = ———— 
ОБ Beg = ОВ Ka = ПР = 775 308RT 
AG? 
K -———— 
Pa = > 303RT 
Ez 3.8 kJ mol! 
Pha (2.303)(0.008314 kJ mol” !K (298 К) 
pK, = 0.66 


3.36 Те dianion is a hybrid of the following resonance structures: 


О, о: TOS 6: “0: QC: ‘Oo: ce 
а = - - 

G c " МЕ ==“ + ad 

:0 .0: :0. xe) :0. О: О 
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If we mentally fashion a hybrid of these structures, we see that each carbon-carbon bond 
is a single bond in three structures and a double bond in one. Each carbon-oxygen bond 
is a double bond in two structures and a single bond in two structures. Therefore, we would 
expect all of the carbon-carbon bonds to be equivalent and of the same length, and exactly 
the same can be said for the carbon-oxygen bonds. 


*3.37 (a) 
(b) 
"3.38 (а) 
(b) 
(c) 


3.39 (а,Ь) co e E 


(c) 


А 18 СН,СН, 57 Bis CHOH 
Cis CH4CH,SCH,CH,O- D is CH,;CH,SCH,CH,OH 
Eis ОН 


Gomes 0 —> CH,CH,—S: + CH,—O—H 


CH,CH,—S: + CH, CH, —> CH,CH,—S—CH,CH,—0: 
(9: 


" -7N [+ 
CH,CH,—S—CH,CH,—0: + Н-0-Н -» 
CH,CH,—S—CH,CH,—Ü—H + Н-0: 


CH;(CH,)s0D + СН. (СН) Li ——> CH;(CH),07 Lit + СН (СН) р 


Hexane could be used as solvent. Liquid ammonia and ethanol could not because 
they would compete with CH3(CH2)gOD and generate mostly non-deuterio-labelled 
CH35(CH5);CH;. 

NH, + CH,C—CH ——> NH, + CH,C=C: 


Hexane or liquid ammonia could be used; ethanol is too acidic and would lead to 
CH4CH5O (ethoxide ion) instead of the desired alkynide ion. 


oe + 
НСІ + (О), — (Qm. + cl 


Hexane or ethanol could be used; liquid ammonia is too strong a base and would 
lead to NH4* instead of the desired anilinium ion. 


CH 
CALA з Соњи 
a“ SN H us 


CH, CH, 


Since DMF does not bind with (solvate) anions, their electron density remains high 
and their size small, both of which make nucleophiles more reactive. 
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*340 (а) С А 
(Се О: 
o ~. - 1 
илч 2% 
нс CH, HC СН, 
T | 
(c) C + :NH, — C + мн, 
ZN те 
НС . CH; HC CH, 
9 | 
VN + DO — C + OD- 
нс Сн, нс  CH;D 
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ALKANES: NOMENCLATURE, 
CONFORMATIONAL ANALYSIS, AND AN 
INTRODUCTION TO SYNTHESIS 


SOLUTIONS TO PROBLEMS 


4.1 
Heptane 2-Methylhexane 3-Methylhexane 
2,2-Dimethylpentane 3,3-Dimethylpentane 2,3-Dimethylpentane 
2,4-Dimethylpentane 3-Ethylpentane 2,2,3-Trimethylbutane 
4.2 (a) CH,CH,CH,CH,CH, — пов CHC HCE, 
1-Pentyl 2-Pentyl 3-Pentyl 


CH,CH,CH(CH,)CH,—  CH,CH(CH,)CH,CH,— 


2-Methyl-1-butyl 3-Methyl-1-butyl 
шша. ЄН х асах 
3-Methyl-2-butyl 2-Methyl-2-butyl 


(b) See the answer to Problem 4.1 for the names of СУН isomers. 


38 
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4.3 


4.4 


(a) CH,CH,CH,CH,Cl 
1-Chlorobutane 


CH,CH,CHCH, 


CI 
2-Chlorobutane 


(b СН,СН,СН,СН,СН,Вг 
1-Bromopentane 


CH CHCH, CHCH, 
Br 
2-Bromopentane 


CHCH CHCH CH, 
Br 
3-Bromopentane 


CH, 
CH, CH,Br 
Н, 
1-Bromo-2,2-dimethylpropane 


(a) CH,CH,CH,CH,OH 


1-Butanol 


CH,CH,CHCH, 
H 
2-Butanol 


ALKANES 


CH,CHCHICI 
CH, 
1-Chloro-2-methylpropane 
CH, 
CH;j- | —CH, 
Cl 
2-Chloro-2-methylpropane 


CEDEHCEDUEDPE 
CH, 
1-Bromo-3-methylbutane 


СН,СН,СНСН,Вг 
СН, 
1-Bromo-2-methylbutane 
n. 
CH,CHCHCH, 
Br 
2-Bromo-3-methylbutane 


єв, 
CH;CH,CCH; 

Br 
2-Bromo-2-methylbutane 


CH CHCH OH 
CH, 
2-Methyl-1-propanol 


CH, 
CH,COH 

CH, 
2-Methyl-2-propanol 


. 39 
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ALKANES 


4.5 


4.6 


(b) CH,CH,CH,CH,CH,OH 


(a) 


(d) 
(e) 
(f) 


1-Pentanol 


CH;CH,CH,CHCH, 
OH 
2-Pentanol 


CH,CH,CHCH,CH, 
OH 
3-Pentanol 


e 
CH,CCH,OH 

H, 
2,2-Dimethyl-1-propanol 


CH,CHCH,CH;OH 
CH, 
3-Methyl-1-butanol 


CH;CH,CHCH,OH 
CH, 
2-Methyl-1-butanol 
eu 
CH,CHCHCH, 
OH 
3-Methyl-2-butanol 


св, 
СН,СН,ССН, 
H 
2-Methyl-2-butanol 


1-(1-Methylethyl)-2-(1,1-dimethylethyl)cyclopentane or 


1-tert-butyl-2-isopropylcyclopentane 


1-Methy]-2-(2-methylpropyl)cyclohexane or 


1-isobutyl-2-methylcyclohexane 


Butylcyclohexane 


1-Chloro-2,4-dimethylcyclohexane 


2-Chlorocyclopentanol 


3-(1,1-Dimethylethyl)cyclohexanol ог 3-tert-butylcyclohexanol 


2-Chlorobicyclo[1.1.0]butane 
Bicyclo[3.2.1]octane 
Bicyclo[2.1.1]hexane 
9-Chlorobicyclo[3.3.1]nonane 


2-Methylbicyclo[2.2.2]octane 


Bicyclo[3.1.0]hexane or 


bicyclo[2.1.1]hexane 
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4.7 (a) trans-3-Heptene (e) 4-Methyl-4-penten-2-ol 
(b) 2,5-Dimethyl-2-octene (f) 2-Chloro-3-methyl-3-cyclohexen-1 -ol 
(c) 4-Ethyl-2-methyl-1-hexene 
(d) 3,5-Dimethylcyclohexene 


48 (а) / No (b ~~~ бүү 


(а) МЕ © ^y^. A | 
Вг 

C 
(8) г (h) MN (i) CX 


Ян 
0) Ch ^A 
4.9 p up 
“ал лын 22 SS 
= и в _ 
1-Hexyne 2-Hexyne 3-Hexyne 


3-Methyl-1-pentyne 4-Methyl-1-pentyne 4-Methyl-2-pentyne 


4.10 


0° 60° 120° 180° 240° 300° 360° 
Rotation ——» 
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4.11 lock, = AG? = —7600 J ii 
Erud —2.303RT (—2.303)(8.314 1 К (298 К) ? 
Keg = 2138 
Lete = amount of equatorial form 
anda = amount of axial form 
then, Keg = © = 2138 
a 
e = 21.38а 
21.38а 
9 = Хх = : 
бе a 4 21 382 100 95.5% 
Cl Cl Cl Br Br 
4.12 (a) (b) Br 
Cl 
(cis) (trans) (cis) BY гана) 
CH, 
| 
СН-СН, 
We 
413 (a-d) АИ 86 
More stable because larger Less stable because 
group is equatorial larger group is axial 


CH, Н.С 
4.14 (а) — y 
2257 -——t шав 
СН, 
(b Yes 
SN, 


i 


£x 


Less stable because the large More stable because the large 
tert- butyl group is axial tert- butyl group is equatorial 
H,C 

— 

2-2 CH, ~<—— 
CH, 
CH. 

More stable because both Less stable because both 


methyl groups are equatorial methyl groups are axial 
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4.16 


4.17 


ALKANES 43 


H 


H 
— 2х 2 
СН, шаг Pd, Pt or Ni EL E. Pd, Pt 
CH; CH; or Ni 


хашиж ны. 


СН, 
H, 
CH,CH—CCH, — —2— —9 СН,СН,СНСН, 
| Pd, Pt or Ni | 
CH, CH, 
H 
СН,СН,С--СН, ——+—» СН,СН,СНСН, 
| Pd, Pt or Ni | 
СН, СН, 
СН, СН, 
7 
ОНЧ ОНОН iid ОНЧ eH 
3 
CH, CH, 
Ёс B 
7 
бн = =н; Aor a 
3 
CH, Br | CH, 
CH, CH, 
NaNH, 2 | CH, —Br 
HC=CCH,CHCH, — ——» Nat ~:C=CCH,CHCH, —2——»> 
(—NH,) (—NaBr) 
CH; CH, 
- Н, 
CH,—C-CCH,CHCH, о CH,CH,CH,CH,CHCH, 
pressure 
ii 
Br —CH,CH,CHCH 
НС=СН „БАН. НС=С:- Nat T 2-1 3 
(-NH3) (—NaBr) 
CH, CH, 
H 
HC=C—CH,CH,CHCH, ae CH,CH,CH,CH,CHCH, 
pressure 
13 ie 
" NaNH, ru СН,СН,Вг 
HC=CCHCH, "CNH, Nat ~:C=CCHCH, (маво ® 
cH: СН, 
2 H, 
CH,CH,—C=CCHCH, пл” СН,СН,СН,СН,СНСН, 


pressure 
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4.18 


(a) Nonane “Ма И р 


Ü у >œ 


Pd SN vw NANN 
253 2 29 EN 
id we S BS 
НС=С:- СН,С==С:- CH,CH,C=C: ~ CH,CH,CH,C=C:— 
+ + + + 
X(CH5XCH; X(CH5),CH, X(CH,),CH, X(CH,),;CH, 
'2-Methylbeptadecane 


py 


(after hydrogenation of : 
the alkyne from 21 IO 
xt A 


one of the 
possible retrosynthetic (or homologous pairs) 
disconnections) : 
P «е ty 
(Note that Å x + ~ is not a good choice 


because the alkyl halide is branched at the carbon adjacent to the halogen. 


Neither would p + 
X -2 


alkyl halide is secondary.) 


work because the 


(b) For any pair of reactants above that is a feasible retrosynthetic disconnection, 
the steps for the synthesis would be 


NaNH = 
RC=C—H за R—CzCc:- A Е—С=<—Е' 
(a terminal ( 3) (an alkynide ( шон 
: : primary H 
alkyne; anion) and d 
E Pd, Pt, or Ni 
R = alkyl, H) unbranched 
at the 
second R— CH,CH,— R’ 
carbon) 
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4.19 


4.20 


421 


(a) УРА ШЕН CH, 
Cl 


(c) СН,СН,СН,СНСН,СН,СН, 
CHCH, 


CH, 
CH, 


í 
(e) CH,CHCHCH,CH,CH, 


a 
CH 


H 
(g) 


Н.С CH, 


(0 CH,CHCH,CHCH, 
OH CH, 


(k) [>—CH,CH,CH,CHCH,CH, 


CH, 
(D снб—сн,он 
H, 


(n) 


(a) 3,3,4- Trimethylhexane 

(b) 2,2-Dimethyl-1-butanol 

(c) 3,5,7-Trimethylnonane 

(d) 3-Methyl-4-heptanol 

(е) 2-Bromobicyclo[3.3.1]nonane 
(f) 2,5-Dibromo-4-ethyloctane 
(g) Cyclobutylcyclopentane 

(В) 7-Chlorobicyclo[2.2.1 ]heptane 


ALKANES 45 


(b) CH,CH,CHCH, 


Br 
CH, 


| 
(d) CH,C—CHCH;CH, 
CH, CH, 


H, 


| T 
9) но-( cH, CHCH, 


or 


oe cT H,CH(CH;), 


(m) 


The two secondary carbon atoms in sec-butyl alcohol are equivalent; however, there are 
three five-carbon alcohols (pentyl alcohols) that contain a secondary carbon atom. 


© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc. 


46 ALKANES 


Н.С СН, 
4.22 (a) CHj-C—C-—CH, (b) 
H, H, 
2,2,3,3 -Tetramethylbutane Cyclohexane 


CH, 
(c) (d) 
CH, 
1,1-Dimethylcyclobutane Bicyclo [2.2.2] octane 


4.23 Each of the desired alkenes must have the same carbon skeleton as 2-methylbutane, 


C 
с-б—с—с; they are therefore 


ji 
CH,=CCH,CH, 
CH (Hs 
3 Pd, Pt, or Ni 
| + н, — o> CH,CHCH,CH, 
CH,C=CHCH, С,Н,ОН 
4 pressure 
CH, 


CH,CHCH —CH, 


424 Ошу one isomer of C,H,, can be produced from five isomeric hexyl chlorides 


(CH 4CI). CH, 
The alkane is 2-methylpentane, CH,CHCH,CH,CH, . The five alkyl chlorides are 
CH, CH, CH, 


| | 
CICH,CHCH,CH,CH, | CH,CCICH,CH,CH, (СН,СНСНОСН,СН, 
" qu 
CH,CHCH,CHCICH, апі СН,СНСН,СН,СН,(1 


425 CH,CH—CHCH,  23-Dimethylbutane 


From two alkyl chlorides 


CH, CH, 
Z 

C H — > CH,CH—CHCH, 
H,0+ 

CH, CH, 


| 
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From two alkenes 


CH, CH, 
не вас SE CH, CH, 
: H, 
H — — ——» CH,CH—CHCH, 
Pd, Pt, or Ni 
СН, CH, pressure 
СН,С---ССН, 
4.26 СН, СН, 
Н, 
= 
Pd, Pt, or Ni 
pressure 
CH, СН, 
Н, 
Pd, Pt, or Ni 
pressure 
CH; CH; 
Н, 
‚с шдэ у 
Pd, Pt, or Ni 
pressure 
СН, CH; 
Н, 
=r 
Pd, Pt, or Ni 
pressure 


427  (CH,),CCH, is the most stable isomer (i.e., it is the isomer with the lowest 


potential energy) because it evolves the least amount of heat on a molar basis 
when subjected to complete combustion. 


CH(CH,,CH, + 80, 
CH,CH(CH,)CH,CH, + 80, 
(CH,),CCH, + 80, 


AH ? 
AH? = —3536 kJ mol! 


AH? = —3529 kJ тој“! 
AH? = —3515 kJ mol! 


5 СО, + 6Н,О 


47 
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4.28 А homologous series is one in which each member of the series differs from the one pre- 
ceding it by a constant amount, usually a CH, group. A homologous series of alkyl 
halides would be the following: 


CH4X 
CH,CH,X 
СН;(СН,),Х 
CH,(CH,),X 

.CH4(CH5)4X 
etc. 


4.29 


This conformation is less 
stable because 1,3-diaxial 
interactions with the large 
tert-butyl group cause 
considerable repulsion. 


4.30 CH, 


Cyclopentane Methylcyclobutane cis-1,2-Dimethylcyclopropane 


Н,С СН, 
Е E \ x и | | >—CH,CH 
CH, CH, 2 3 


trans-1,2-Dimethylcyclopropane 1,1-Dimethylcyclopropane Ethylcyclopropane 


4.31 вэ (b) 2 pr^ (d) AY 


4.32 S-At1= 
For cubane, 5 = 12 and А = 8. Thus 12 8 + 1 = №; М = 5 rings in cubane. 


This conformation is more 
stable because 1,3-diaxial 
interactions with the smaller 
methyl group are less 
repulsive. 


Н, CH, 
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4.33 (a) e 


Smallest heat 
of combustion 


>м 


Largest heat 
of combustion 


| о рм 
оО 


Least stable Most stable 


4.34 


T 
Potential Energy —» 


= 
Potential Energy —» 


H, 


HC 


0? 60° 120° 180° 240° 300° 360° 
Rotation — 


H;CCH, Н.Ссн, 


H,C 
HC OH? Ч С 


ар e od ce 


ALKANES 


0? 60° 120° 180° 240° 300° 360° 
Rotation —3 


49 
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4.35 


4.36 


4.37 


4.38 


(a) Pentane would boil higher because its chain is unbranched. Chain-branching lowers 
the boiling point. 

(b) Heptane would boil higher because it has the larger molecular weight and would, be- 
cause of its larger surface area, have larger van der Waals attractions. 

(c) 2-Chloropropane because it is more polar and because it has a larger molecular 
weight. 

(d) 1-Propanol would boil higher because its molecules would be associated with each 
other through hydrogen-bond formation. 

(e) Propanone (CH4COCH,) would boil higher because its molecules are more polar. 

H 
n 27 
C,H, L ho d 


Bicyclo[1.1.0]butane 1-Butyne 


The IR stretch at ~2250 cm! for the terminal alkyne sp C—H bond distinguishes these 
two compounds. 


trans-1,2-Dimethylcyclopropane would be more stable because there is less 
crowding between its methyl groups, 


Кө Е CH, 


H H H CH, 
Less stable 


CH 
(a) | 
21127 
СН, СН, 
trans cis 
More stable because both methyl Less stable because one methyl 
groups are equatorial in the most group must be axial and so has 
stable conformation the larger heat of combustion 
(b) CH, 
27512201 
Н.С Н.С 


cis 
More stable because both methyl 


groups are equatorial in the most 
stable conformation 


trans 


Less stable because one methyl 
group must be axial and so has 
the larger heat of combustion 
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4.40 


(c) 


(b) 


(c) 


(d) 


Н.С m 


trans 


More stable because both methyl 
groups are equatorial in the most 
stable conformation 


ёо 200 


More stable conformation because 
both alkyl groups are equatorial 


we L—/ 
CH, 


More stable because larger group 
is equatorial 


CH 
cay. L LT 


More stable conformation because 
both alkyl groups are equatorial 


Н, 
ү. 


More stable because larger group 
is equatorial 


ALKANES 51 


CH, 
nc L7 
cis 


Less stable because one methyl 
group must be axial and so has 
the larger heat of combustion 


(CH), 


(CH) 
373 CH, 

<>” 

(CH;), 
4-7 

СН, 

(СН,), 

PM ET а 
| CH, 
H, 


If the cyclobutane ring were planar, ће C—Br bond moments would exactly 
cancel-in the trans isomer. The fact that trans-1,3-dibromocyclobutane has a 


Br 
\ | 
Вг 


Planar form 
и-0 


' dipole moment shows the ring is not planar. 


tt 


3-3 
Br 


Bent form 
u= 0 
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4.41 (a) Hb, Pd, Pt, or Ni catalyst, pressure 
(b (1) NaNH, (2) BrCH,CH,CH,CH, 


(ә (1) >—ег Ма" (from >—= Cu >—= - Nat) 


(2) H5, Pd, Pt, or Ni catalyst, pressure 


(d) 


(e) Hb, Pd, Pt, or Ni catalyst, pressure 
CH, 

(f) ксн ын 
СН, 


Н, 
"4.42 (a) Cr (b) From Table 4.8 we find that this is 
CH cis-1,2-dimethylcyclohexane. 
3 
(c) Since catalytic hydrogenation produces the cis isomer, both hydrogen atoms must 


have added from the same side of the double bond. (As we shall see in Section 7.14, 
this type of addition is called a syn addition. 


MUT AE 


cis-1,2-Dimethylcyclohexane 
The cis isomer is 1-2 


when both hydrogen atoms 
add from the same side. 


"4.43 (а) From Table 4.8 we find that this is trans-1,2-dichlorocyclohexane. 


(b) Since the product is the trans isomer, we can conclude that the chlorine atoms 
have added from opposite sides of the double bond. 


STO- Фр 


trans-1,2-Dichlorocyclohexane 


The trans isomer is pus ac 


when the chlorine atoms 
add from opposite sides of 
the double bond. 


O 2000, Modulo Éditeur inc. / € 2000 John Wiley & Sons Inc. 


4.44 


"4.45 


*4.47 


4.48 
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If trans-1,3-di-tert-butylcyclohexane were to adopt a chair conformation, one tert-butyl 
group would have to be axial. It is, therefore, more energetically favorable for the molecule 
to adopt a twist boat conformation. 


(a) More rules are needed (see Chapter 7) to indicate relative stereochemistry for these 
1-bromo-2-chloro-1-fluoroethenes. 

(b) Bicyclo[4.4.0]decane (or desalin) 

(c) Bicyclo[4.4.0]dec-2-ene (or Al-octalin) 

(d) Bicyclo[4.4.0]dec-1-ene (or A!G9 octalin) > 
NOTE: The common name decalin comes from decahydronaphthalene, the deriva- 


8 1 
7 8a 3 
tive of naphthalene ! that has had all of its five double bonds соп- 
3 
4a 
5 


4 


verted to single bonds by addition of 10 atoms of hydrogen. Octalin similarly comes 
from octahydronaphthalene and contains one surviving double bond. When using 
these common names derived from naphthalene, their skeletons are usually num- 
bered like that of naphthalene. When, as in case (d), a double bond does not lie be- 
tween the indicated carbon and the next higher numbered carbon, its location is spec- 


ified as shown. 
Also, the symbol A is one that has been used with commom names to indicate 


the presence of a double bond at the position specified by the accompanying super- 
script number(s}. 


p-Glucose has all of its attached groups equatorial in the lowest energy chair confor- 
mation. Other sugars have at least one group axial in their lowest energy chair confor- 
mation. 


Because if the configuration of stereocenters is changed, not all of the ring substituents 
can simultaneously be in the заан equatorial position, as they are in glucose. 


H 
со | 
trans cis 


The trans isomer would be more stable because it can have both of its rings in the fa- 
vored chair conformation, avoiding the many eclipsing interactions found in the doubly 
boat conformation of the cis isomer (which would increase its stability slightly by twist- 


ing). 


2 mol equiv. МН, 
H—C=C—-C=C—H - 
2 mol equiv. CH4(CH;),Br 


— = H, 
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STEREOCHEMISTRY: 
"СН ВА! MOLECULES 


SOLUTIONS TO PROBLEMS 


5.1 (a) Achiral (c) Chiral (e) Chiral (g) Chiral 
(b) Achiral (d) Chiral (f) Chiral (h) Achiral 


5.2 (a) Yes (b) No (c) No 
5.3 (a) They are the same molecule. (b) They are enantiomers. 


5.4 (a), (b), and (f) do not have stereocenters. 


CH, cH, 
(c) He «С Сї»-6-4Н 
Он, бн, 
бн, a) - бн, Q) 
CH, CH, 


(d) Ньб-4СН,ОН HOCH, m. aH 
du, du, 


H, (1) CH, (2) 
CH, CH, 
(e) Нь.б-«Вг Вљ «Н 
| Он, бн, 
сн, йш. 
бн, (1) CH, (2) 
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CH, TS 
CH, cH, 
(g) Ныд “СН, Н;Сь А Н 
бн, бн, 
сн, єн, 
бн, (1) CH, Q) 
сн, CH, 
(h) Hi. CHCl CICH, ma aH 
| | 
H, CH 
йн, а бн, © 
О | 
5.5 (a) (b) 
| N 
Limonene оо Н 
Thalidomide 
О 


(S) 
5.6 (a) Two in each instance. 


H------C1 H-----Cl Н-----; г H.-—--Br 
1 i 1 1 or | ! а ' | 
Н one | E ~ ын РАЊЧ 
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(b) Only one in each instance. i 
Cl | ү 
| 


„С ог 
HU, “сі Н"/ ^c 


H H 
Any other tetrahedral arrangements will be superposable on one or the other of 
the above. - 
са 4H Hes 
© we КОД КА „ше: 
тэс, pA аш Сү 
! 1 1 | 
BC-60 0-8 e X 
(d) Two: | | 


5.7 The following items possess a plane of symmetry, and are, therefore, achiral. 
(a) A screwdriver 
(b) A baseball bat (ignoring any writing on it) 
(h) A hammer 


5.8  Ineach instance below, the plane defined by the page is a plane of symmetry. 


(a) | (b) 1 (f) 1 


HC 9 ae ње 4^ CH,CH, E AN Hen 
Н.С 


5.9 р PN (7 9" 


(S) (R) 
5.10 (с) (1)18 (5) 
Q) is (R) 


(d) (D 15 (5) 
(2) is (R) 


(e) (1) is (5) 
(2) is (R) 


(в) (Dis (5) 
(2) is (К) 


(h) (1) 18 (5) 
(2) is (R) 


© 2000, Modulo Éditeur inc. / © 2000 John Wiley & Sons Inc. 


60 STEREOCHEMISTRY: CHIRAL MOLECULES 


5.11 


5.12 


5.13 


5.14 


5.15 


(a) -Cl > -SH > -OH > -H 
(b) —CH,Br > —CH,C| > -CHOH > Сн, 

(с) -OH > -СНО > —H, > -H 

(d) -С(СН), > -СН-СН, > -CH(CHj, > -H 


(e) -OCH, > -М(СН/, > -CH > н 


(а) (5) (b (R) (с) (5) 


(a) Enantiomers 
(b) Two molecules of the same compound 


(c) Enantiomers 


H 


Ган 


(S)-(+)-Carvone 


| observed rotation — — 
(a) Enant. Excess = = | - х 100 
specific rotation of pure enantiomer 


А +1.151 x 100 
+5.756° 


= 20.00% 


(b) since the (R) enantiomer (see Section 5.7С) is +, the (К) enantiomer is present in 


excess. 
1 b 0 
(а) CH, : „Сон ( ) К- ОН 
СН,-(-СН, с вю mcg 
H H CH, нб HC NH, 
(S)-Ibuprofen (S)-Methyldopa 
(c) 
CH; сон 
нс f 
2 
sH H NH, 


(S)-Penicillamine 
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5.17 (a) Diastereomers. 
(b) Diastereomers in each instance. 
(c) No, diastereomers have different melting points. 


(d) No, diastereomers have different boiling points. 


(e) No, diastereomers have different vapor pressures. 


STUDY AID 
An Approach to the Classification of Isomers 


We can classify isomers by asking and answering a series of questions: 


Do the compounds have the 
same molecular formula? 


No 
They are not isomers. 


Are they different? 


Ye 


No 
They are isomers. _ They are identical. 


Ро they differ in connectivity? 


Yes 


No 
They are constitutional They are stereoisomers. 
l isomers. n 


Are they mirror images 
of each other? 


No 
They are diastereomers. 


Yes 


They are enantiomers. 


61 
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5.18 (а) It would be optically active. 
(b) It would be optically active. 
(c) No, because it is a meso compound. 


(d) No, because it would be a racemic form. 


5.19 (a) Represents A 
(b) Represents C 
(c) Represents B 


5.20 (a) CH, H9 | 


С” т=н н” Ez “Cl H НИ 
CH, CH, CH, 
(1) (2) (3) 
——— m Meso compound 
Enantiomers 
(b) CH, CH, aie 
НЬ e «ОН HOm с aH mG OH 
E. au 23 
ён, СН, Di H, 
а) (2) (3) 
\— Meso compound 
Enantiomers 
(c) CH,Cl сња CH;CI 
Иса S Hm aF 
F 2 НЭЭ T€" 
CH,Cl CH,Cl CH,Cl 
(1) (2) (3) 
\— l Meso compound 
Enantiomers 
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5.22 


STEREOCHEMISTRY: CHIRAL MOLECULES 63 


ау ы „юз „ш. 
кок о ы У 
c несі о cir 
СН, . СН, СН, СН, 
(1) (2) (3) (4) 
ЫЪ ый 
Enantiomers ^ Enantiomers 
(e) CH, CH, CH, CH, 
Нь & Вг Bri. ман X Br ad 
ptem Н” ҸЕ НР” ЧЕ шэн 
CH, CH, CH, CH, 
(1) (2) (3) (4) 
му  — — ји 
Enantiomers Enantiomers 


В is (25,35)-2,3-Dibromobutane 
С is (2R,38)-2,3-Dibromobutane 


(a) 


(b 


= 


(c) 


(d 


(e 


МУ 


ми 


(1) is (25,35)-2,3-Dichlorobutane 
(2) is (2R,3R)-2,3-Dichlorobutane 
(3) is (2R,3S)-2,3-Dichlorobutane 


(1) is (25,45)-2,4-Pentanediol 
(2) is (2R,4R)-2,4-Pentanediol 
(3) is (2R,4S)-2,4-Pentanediol 


(1) is (2R,3R)-1,4-Dichloro-2,3-difluorobutane 
(2) is (25,35)-1,4-Dichloro-2,3-difluorobutane 
(3) is (2R,3S)-1,4-Dichloro-2,3-difluorobutane 


(1) is (25,45)-4-Chloro-2-pentanol 
(2) is (2R,4R)-4-Chloro-2-pentanol 
(3) is (25,4 R)-A-Chloro-2-pentanol 
(4) is (2R,4S)-4-Chloro-2-pentanol 


(1) is (28,35)-2-Bromo-3-fluorobutane 
(2) is (2R,3R)-2-Bromo-3-fluorobutane 
(3) is (25,3 R)-2-Bromo-3-fluorobutane 
(4) is (2R,3S)-2-Bromo-3-fluorobutane 
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523 


= 
H»C-NHCOCHCL, 
CH,OH 
Chloramphenicol 
5.24 (a) No (b) Yes (c) No (d) No (e) Diastereomers 


(f) Diastereomers 


5.25 Ме 
Мезо "iw 
= 
5.26 (а Н ` 1 
i c m (1R,2R) 
Gr ~> SN E 
Br H = . | 
H Br Br СІ{ Enantiomers 
H т ü Cl Br СТ (both trans) 
Ви! S 2 mH 7 
5 в ча. (3 
H Br (15,25) 
Н Н 
<_ - (18,25) 
r с Вг Вг С1| Enantiomers 
H H Вг С1{ (both cis) 
~ : (15,28) 
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b Ён Н 3 
о as да + (је 
s Bre! Br Enantiomers 
a cL, СІ (both cis) 
H xxr (18,35) 
H Br 
CL c СІ 
Qa s ŠA - (јен 
| \ 
н ВгН Вг Enantiomers 
H СІ (both trans) 
= za" 
H СІ | 
H Br 
H Br 


| 


H Cl Achiral (trans) 


О) 


Н : Н Ас ай (cis) 


Ї 


5.27 See Problem 5.26. The molecules in (c) are achiral, so they have no (R-S) designation. 


5.28 о о 
C—H | C—OH 
H HgO Н HNO А 
НО-0-Н —» НО-0-Н < (5)-(—)-1зозегїпе 
но (See the following 
СН,ОН CHOH reaction, also.) 
(S)-(—)-Glyceraldehyde (S)-(+)-Glyceric acid. · 
| | | | 
C—OH C—OH | C—OH 
: H Н Zn, НО" | 
HO—C—H M. HO—C-H “St > HO—-C—H 
CH,-NH, CH,-Br CH, 
(S)-(—)-Isoserine (R)-(+)-3-Bromo- (S)-(+)-Lactic acid 


2-hydroxypro- 
panoic acid 


Bm с E 
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5.29 H,C Zn D'(eg рср С 
< 2СН,С1 in DjO Не Pop 
—————— 


(5)-(+)-1-СПого-2-тећу шапе (R)-1-Deuterio-2-methylbutane 
5.30 (а), (5), (f) and (g) only 
5.31 (a) Seven. 


(b) (К)- and (S)-3-Methylhexane and (А)- and (S)-2,3-dimethylpentane. 


5.32 (a) and (b) : 


(c) Four 
(d) Becauseatrans arrangement of the one carbon bridge is structurally impossible. Such 
a molecule would have too much strain. 
5.33 (а) A is (R,S)-2,3-dichlorobutane; B is (5$,9)-2,3-dichlorobutane; C is (R,R)-2,3- 
dichlorobutane. 


(b) A 


5.34 CH 


H, 


(other answers are unm 


<>, 


H, (other answers are possible) 


(d) CH, | CH, 
pg" and H 
“CH=CH. CH=CH 
CH,CH, Яг Хн 
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5.36 


CH, 
5.37 (a) CH, 
~ CH, 
(0 — CH, сэг. (4) 
H, 


5.38 
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(e) HC ДЯ,СН,СН, Н.С H 

C=C and C=C 

/ \ / \ 

H H H СН,СН,СН, 
(other answers are possible) 

(a) Same G) Enantiomers that аге interconvertible by a ring flip 
(b) Enantiomers (К) Diastereomers 
(c) Diastereomers . а) Same 
(d) Same (m) Diastereomers 
(e) Same (n) Constitutional isomers 
(f) Constitutional isomers (o) Diastereomers 
(g) Diastereomers (p Same 
(h) Enantiomers (q) Same 
(i) Same 


All of these molecules are expected to be planar. Their stereochemistry is identical to 
that of the corresponding chloroethenes. (a) can exist as cis and trans isomers. Only one 
compound exists in the case of (b) and (c). 


(b) (3)and (4) are chiral and are enantiomers of each other. 


(c) Three fractions: a fraction containing (1), a fraction containing (2), and a fraction 
containing (3) and (4) [because, being enantiomers, (3) and (4) would have the 
same vapor pressure]. 


(d) None 


H H 
Am б 2 Et SAN 
Et Et | 
H H 


. (b) No, they are not superposable. 


(c) No, and they are, therefore, enantiomers of each other. 


Et Et 
(d) н H 
Et Et 
H H 
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5.39 


5.40 


*5.41 


(е) 
(f) 


(a) 


(b) 
© 
(d) 


(e) 


No, they are not superposable. 


Yes, and they are, therefore, just different conformations of the same molecule. 


H H 
A A “Хуа 
Н H 


Yes, and therefore trans-1.4-diethylcyclohexane is achiral. 

No, they are different orientations of the same molecule. 

Yes, cis-1,4-diethylcyclohexane is a stereoisomer (a diastereomer) of trans-1.4- 
diethylcyclohexane. Et 


Et H 


n cis-1,4-Diethylcyclohexane 

No, it, too, is superposable on its mirror-image. (Notice, too, that the plane of the 
page constitutes a plane of symmetry for both cis-1,4-diethylcyclohexane and for 
trans-1,4-diethylcyclohexane as we have drawn them.) 


trans-1,3-Diethylcyclohexane can exist in the following enantiomeric forms. 


Et E 
| Н SX 
H H 
Et Et 


trans-1,3-Diethylcyclohexane enantiomers 


cis-1,3-Diethylcyclohexane consists of achiral molecules because they have a plane of 
symmetry. [The plane of the page (below) is a plane of symmetry. ] 


EZ 
H 


H 
cis-1,3-Diethylcyclohexane 


(a) Since it is optically active and not resolvable, it must be the meso form: 


CO,H (b | COH сон 
Нь «ОН Нь «ОН HOn aH 
uet “OH HO» z “H НУ: “ЧОН 

СОН СО,Н СО,Н 

(meso) 


(c) No (d) A racemic modification 
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*5.43 
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—30° _ 
(0.10 g/mL)(1.0 dm) 


+165° 
b = = +3300° 
(b) [elo = убу раб dm) 
The two rotation values can be explained by recognizing that this is a powerfully 
optically active substance and that the first reading, assumed to be —30°, was re- 


ally +330°. Making this change the [0] becomes +3300° in both cases. 


(а) [e]p = 300* 


(c) No, the apparent 0° rotation could actually be + or —360? (or an integral. multiple 
of these values). 


Yes, it could be a meso form or an enantiomer whose stereocenters, by rare coincidence, 
happen to cancel each others activities. 


A compound С.Н,О, has an index of hydrogen deficiency of 1. Thus, it could possess 
a carbon-carbon double bond, a carbon-oxygen double bond, or a ring. 

The IR spectral data rule out a carbonyl group but indicate the presence of an 
— ОН group. 

No stable structure having molecular formula C4H5O; with a C=C bond can ex- 
ist in stereoisomeric forms and 1,2-cyclopropanediol can exist in three stereoisomeric 
forms. 

Only ethylene oxide (oxirane) derivatives are possible for Y: 


CH,OH HOCH, 


о О 
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NUCLEOPHILIC SUBSTITUTION AND 
ELIMINATION REACTIONS 

OF ALKYL HALIDES 


SOLUTIONS TO PROBLEMS 


61 (à) сну-1: + CH,CH-O? ———» CH;-O-CH,CH, + й: 


Substrate Nucleophile 1 Leaving 
group 


у di + снов — сна + в 


Nucleo- Substrate Leaving 
phile i group 
(c) CHÖH Фо(СН)С-О: ——> (CH,),C-O-CH, + «ОН! 
Nucleo- Substrate Leaving 
phile group 


(d) CH,CH,CH,—Br + “CSN: ——>  CH,CH,CH,-CN + :Bri 


Substrate Nucleo- Leaving 
phile group 


(e) C,H,CH,—Br: + м ——> C,H,CH,—NH, " :Br P.H 
Substrate Nucleo- Leaving 
phile group 


1: 


6.2 jn 
| | 1 TN Сү, 7 
e Au ВЕ —> (снус + ави 


72 
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6.3 (a) Weknow that when a secondary alkyl halide reacts with hydroxide ion by substitution, 
the reaction occurs with inversion of configuration because the reaction is S2. If we know 
that the configuration of ( — )-2-butanol (from Section 5.7C) is that shown here, then we can 
conclude that (+)-2-chlorobutane has the opposite configuration. 


CH, CH, 
HOm C aH он нь с aC] 
bu, a ёс 
сн, bu, 
(R)-(-)-2-Butanol (S)-(+)-2-Chlorobutane 
[0] 25" = -13.52° [0] 2" = +36.00° 


(b) Again the reaction is S42. Because we now know the configuration of (+)-2-chloro- 
butane to be (5) [cf., рам (a)], we can conclude that the configuration of (— )-2-iodobutane 


is (R). 
єн, CH, 
Нь.6 Н AC] Г m gaH 
B "$e I" 
fi H, 
ами " eos 
(+)-2-Iodobutane has the (S) configuration 
6.4 (a) (b) 


315 
1: 


C 2 3 
ша MES coupe. La, Он, 


(CHj,C M + | а= 


Ву path (а) By path (b) 


H | CH 

6.5 à 3 
Н Н 
(CH,),C OCH; and (CH,),C ас. 
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6.6 


6.7 


6.8 


6.9 


6.10 


(a) Being primary halides, the reactions are most likely to be $2, with the nucleophile 
in each instance being a molecule of the solvent (i.e., a molecule of ethanol). 


(b) Steric hindrance is provided by the substituent or substituents on the carbon В to 
the carbon bearing the leaving group. With each addition of a methyl group at the B car- 
bon (below), the number of pathways open to the attacking nucleophile becomes fewer. 


Protic solvents are those that have an H bonded to an oxygen or nitrogen (or to another 
| О 


strongly electronegative atom). Therefore, the protic solvents are formic acid, НСОН; 


| 
formamide, HCNH;: ammonia, NH3; and ethylene glycol, HOCH;CH;OH 


Aprotic solvents lack an H bonded to a strongly electronegative element. Aprotic sol- 
О 


vents in this list are acetone, CH4CCH;; acetonitrile, CH;C=N; sulfur dioxide, SO;; 
and trimethylamine, N(CH3)s. 


The reaction is ап S42 reaction. In the polar aprotic solvent (DMF), the nucleophile (CN) 
will be relatively unencumbered by solvent molecules, and, therefore, it will be more re- 
active than in ethanol. As a result, the reaction will occur faster in N,N-dimethylfor- 
mamide. 

(а) СН,О- 

(D H,S 

(с) (CHj4P 

(a) Increasing the percentage of water in the mixture increases the polarity of the sol- 
vent. (Water is more polar than methanol.) Increasing the polarity of the solvent increases 


the rate of the solvolysis because separated charges develop in the transition state. The 
more polar the solvent, the more the transition state is stabilized (Section 6.14D). 


(b Inan $42 reaction of this type, the charge becomes dispersed in the transition state: 


-4-8.8 

I + CH,CH,—Cl I-----CH;-.--Cl ICH,CH, + СГ 
Reactants Transition state 

Charge is concentrated Charge is dispersed: 
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Increasing the polarity of the solvent increases the stabilization of the reactant 17 more than 
the stabilization of the transition state, and thereby increases the free energy of activation, 
thus decreasing the rate of reaction. 


CH,OSO,CF, > СНІ > CHjBr > СН. > CHF > "CH,OH 


(Most reactive) 


6.12 (а) СН,СН,О t 


6.13 


6.14 


(b) 


(c) 


(d) 


(i) 


Na* СН,СНУИ (s) 


(Least reactive) 


CH, 
inversion 


/ 
Br Ls э CH,CH,O Ç ‚ + Na’ Br 
N 2 
(к) g 


~ Вг inversion CH,CO — 


К Я + Na’ Br 
SS 5м2 Ñ 


S 


Na* CH,CH ү (S) (R) Н CH,CH, 


Na’ СН,СНУД (5) 


CH,CH,CH,Br 
CH,CH,CH,Br 
CH,CH,CH,Br 
CH,CH,CH,Br 
CH,CH,CH,Br 
CH,CH,CH,Br 


CH,CH,CH,Br 


CH,CH,CH,Br 


CH,CH,CH,Br 


eS 


Pa 
HS—C, 

К, 
(R) Н CH,CH, 


inversion 
C—-Br 


+ E 
У SN? + Na Br 


+ NaOH —-> CH,CH,CH,OH + NaBr 
+ Nal — 
* CH,CH,ONa 


+ CH,SNa 


CH,CH,CH,I + NaBr 
—» СН,СН,СН,ОСН,СН, + NaBr 


--» | СН,СН,СН,8СН, + NaBr 


О О 
+ CH, -Ома —> CH,CH,CH,OCCH, + NaBr 


+ NaN, ә» CH,CH,CH,N, + NaBr 
єн, 

+ N(CH), —-  CH,CH,CH,-N:CH, Br 
H, 


+ NaCN —> CH,CH,CH,CN + NaBr 


+ ман  ——»  CH,CH,CH,SH + NaBr 


(a) 1-Bromopropane would react more rapidly because, being a primary halide, it is less hin- 


dered. 
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6.15 


6.16 


6.17 


(b) 
(c) 


(d) 


(е) 


(c) 


(d) 


(b) 


1-Iodobutane, because iodide ion is a better leaving group than chloride ion. 


1-Chlorobutane, because the carbon bearing the leaving group is less hindered than 
in 1-chloro-2-methylpropane. 

1-Chloro-3-methylbutane, because the carbon bearing the leaving group is less hin- 
dered than in 1-chloro-2-methylbutane. 


1-Chlorohexane because it is a primary halide. Phenyl halides are unreactive in 5,2 
reactions. 


Reaction (1) because ethoxide ion is a stronger nucleophile than ethanol. 


Reaction (2) because the ethyl sulfide ion is a stronger nucleophile than the ethoxide 
ion in a protic solvent. (Because sulfur is larger than oxygen, the ethyl sulfide ion is 
less solvated and it is more polarizable.) 


Reaction (2) because triphenylphosphine [(C,H,)3P] is a stronger nucleophile than 


triphenylamine. (Phosphorus atoms are larger than nitrogen atoms.) 


Reaction (2) because in an S2 reaction the rate depends on the concentration of the 
substrate and the nucleophile. In reaction (2) the concentration of the nucleophile is 
twice that of the reaction (1). 


Reaction (2) because bromide ion is a better leaving group than chloride ion. 


Reaction (1) because water is a more polar solvent than methanol, and Sy1 reactions 
take place faster in more polar solvents. 


Reaction (2) because the concentration of the substrate is twice that of reaction (1). 
(The major reaction would be E2. However, the problem asks us to consider that 
small portion of the overall reaction that proceeds by an Sy1 pathway.) | 


Both reactions would take place at the same rate because, being Syl reactions, they 
are independent of the concentration of the nucleophile. 

(The major reaction would be E2. However, the problem asks us to consider that 
small portion of the overall reaction that proceeds by ап Syl pathway.) 

Reaction (1) because the substrate is a tertiary halide. Phenyl halides are unreactive 
in $41 reactions. 


Possible methods are given here. 


(a) сна ——> СН 


СН,ОН 
S d 
: " (d) CH,CH,CI ipsu CH,CH,OH 
(P) СН,СН,0 -opon CCHI 
8,0 
(e) CH,Cl "ua СН,5Н 
5 12 
(c) CH,Cl “нони СН,ОН N 
52 


© 2000, Modulo Éditeur inc. / © 2000 John Wiley & Sons Inc. 


6.18 


(f) 


(g) 


(h) 


(i) 


(3) 


(k) 


(a) 


(b) 


(c) 


(d) 


(e) 


(f) 
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SH: 
СН,СН,СІ CHO CH,CH,SH 


5м2 


CN" 
сња DM CH,CN 
СМ 
CH,CH,Cl yp? CH,CH,CN 


NaH СНУ 
CHOH — 3 3 
3 CH) CH,ONa CLO CH,OCH, 


NaH СНА 
CH,CH,OH uj CH,CH,ONa ———» CH,CH,OCH, 


Cl 
СН,СН,ОМа 
aon 
CH,CH,OH ae 
The reaction will not take place because the leaving group would have to be a methyl 


anion, a very powerful base, and a very poor leaving group. 


The reaction will not take place because the leaving group would have to be a hy- 
dride ion, a very powerful base, and a very poor leaving group. 


The reaction will not take place because the leaving group would have to be a carb- 


anion, a very powerful base, and a very poor leaving group. 


wo BE T2 —*-> -CH,CH,CH,CH,OH 
н,с—Ссн,” 
CH,CH,CH,CH,OH 


The reaction will not take place Бу an S,,2 mechanism because the substrate is a ter- 
tiary halide, and is, therefore, not susceptible to 5,2 attack because of the steric hin- 
drance. (A very small amount of 5,1 reaction may take place, but the main reaction 
will be E2 to produce an alkene.) 


The reaction will not take place because the leaving group would have to be aCH,0— 
ion, a strong base, and a very poor leaving group. 


бин, 43 CH9bcH, —3x— сими” + CHO 


CH,NH, + CH,OH 


The reaction will not take place because the first reaction that would take place would 
be an acid-base reaction that would convert the ammonia to an ammonium ion. An 
ammonium ion, because it lacks an electron pair, is not nucleophilic. 


NH, + CHOH, Æ> NH, + CH,OH 
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619 The better yield will be obtained by using the secondary halide, 1-bromo-1-phenylethane, 
because the desired reaction is E2. Using the primary halide will result in substantial Sy2 
reaction as well, producing the alcohol instead of the desired alkene. 


6.20 


6.21 


Reaction (2) would give the better yield because the desired reaction is ап Sy2 reaction, 
and the substrate is a methyl halide. Use of reaction (1) would, because the substrate is a 
secondary halide, result in considerable elimination by an E2 pathway. 


(a) 


(b) 


(c) 


(d) 
(e) 


(f) 


(g) 


(h) 


0) 


Q) 


(k 


МУ 


The major product would be СН,СН,СН,СН,СН,ОСН,СН, (by ап 5,2 mecha- 
nism) because the substrate is primary and the nucleophile-base is not hindered. 
Some CH,CH,CH,CH=CH, would be produced by an E2 mechanism. 


The major product would be СН,СН,СН,СН-СН, (by an E2 mechanism), even 
though the substrate is primary because the base is a hindered strong base. Some 
CH,CH,CH,CH,CH,OC(CH;), would be produced by ап S42 mechanism. 


For all practical purposes, (СН,),С=СН, (by ап E2 mechanism) would be the only 
product because the substrate is tertiary and the base is strong. 


Same answer às (c) above. 


(formed by an 5,2 mechanism) would, for all 
(СНС 223 practical purposes, be the only product. Iodide ion 
33 is a very weak base and a good nucleophile. 


Because the substrate is tertiary and the only nucleophile is the solvent, the mecha- 
nism is El. The two products that follow would be formed. 


Н, Н, 
Н 
(СНС єн; and (СНС на 


CH,CH=CHCH,CH, (by an E2 mechanism) would be the major product because the 
substrate is secondary and the base/nucleophile is a strong base. Some of the ether, 
CH,CH,CH(OCH;)CH,CH3, would be formed by an 5,2 pathway. 


The major product would be CH,CH,CH(O,CCH;)CH,CH, (by an S42 mechanism) 
because the acetate ion is a weak base. Some CH,CH=CHCH,CH,CH, might be 
formed by an E2 pathway. 


СН,СН-СНСН, and CH,=CHCH,CH; (by E2) would be major products, and 
(5-СН,СН(ОНХН,СН, (by S42) would be the minor product. 
РОН сн ЕН ЕНЕН, (by Sy1) would be the major product. 
OCH, 
CH CH; 
cH,cH,¢ =CHCH,CH,, CH,CH =CCH,CH,CH, , and 
йн | 
СН,СН,ССН,СН,СН, (by El) would be minor products. 


(R)-CH4CHIC4H,, (by S42) would be the only product. 
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(а), (b), and (c) are all 5,2 reactions and, therefore, proceed with inversion of configura- 
tion. The products are 


H H H 
(a) ‚© ЯС ze 
D D D 
H H | 


(d) is an 5,1 reaction. The carbocation that forms can react with either nucleophile 
(H,O or CH,OH) from either the top or bottom side of the molecule. Four substitution 
products (below) would be obtained. (Considerable elimination by an Е1 path would also 
occur.) 


H H, 
H B mi d VA 
D D 
H, CH, 
H A CH, and H uus OCH, 
D D 


Isobutyl bromide is more sterically hindered than ethyl bromide because of the methyl 
groups on the B carbon atom. 


HC. p a H 


N 
ни —CH;-Br ни —CH;-Br 
H,C H 
Isobutyl bromide Ethyl bromide 


This steric hindrance causes isobutyl bromide to react more slowly in S42 reactions and 
to give relatively more elimination (by an E2 path) when a strong base is used. 
(a) 5,2 because the substrate is a 1° halide. 
(b) Rate = k [CH,CH,C1]{I7] 
=5 X 10-51, mol-!s-! X 0.1 mol L7! X 0.1 mol L^! 

Rate = 5 X 1077 mol “1571 
(с) 1 X 10-5 mol L^ 18-1 
(d) 1 X 10-6 mol L~!s7! 
(e) 2 X 1076 mol L-!s^! 
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6.25 


6.26 


6.27 


6.28 


6.29 


(a)  CH4NH- because it is the stronger base. 
(b) CH,O7 because it is the stronger base. 
(c) CH,SH because sulfur atoms are larger and more polarizable than oxygen atoms. 


(d) (СЕН ОР because phosphorus atoms are larger and more polarizable than nitrogen 
atoms. 


(e) H,O because it is the stronger base. 
(f) МН, because it is the stronger base. 
(g  HS- because it is the stronger base. 


(h) ОН“ because it is the stronger base. 


"Ol "О: 
М Рак ZN Ё 
@ HOCH,CH,Br + он“ = Н,С-СН, —> СН,-СН, + Br 
©вг | 
H,C——CH, нс H, H,C——CH, 
— ОН: 
1) СЭВХ, HBr TN y = TA y iix 
d 2 i + Br 
H H H H + Br H 


Iodide ion is a good nucleophile and a good leaving group; it can rapidly convert an alkyl 
chloride or alkyl bromide into an alkyl iodide, and the alkyl iodide can then react rapidly 
with another nucleophile. With methyl bromide in water, for example, the following re- 
action can take place: 


Н,О alone 
(slower) 


CH,OH,* + Вг’ 


CH,Br 
H,O 
(faster) 


H,O containing Г 


n 
(faster) СН,ОН, + I 


Сну 


tert-Butyl alcohol and tert-butyl methyl ether are formed via ап 5,1 mechanism. The rate 
of the reaction is independent of the concentration of methoxide ion (from sodium methox- 
ide). This, however, is only one reaction that causes tert-butyl bromide to disappear. А 
competing reaction that also causes tert-butyl bromide to disappear is an E2 reaction in 
which methoxide ion reacts with tert-butyl bromide. This reaction is dependent on the con- 
centration of methoxide ion; therefore, increasing the methoxide ion concentration causes 
an increase in the rate of disappearance of tert-butyl bromide. 


(a) You should use a strong base, such as RO~, at a higher temperature to bring about 
an E2 reaction. 


(b) Here we want an S1 reaction. We use ethanol as the solvent and as the nucleophile, 
and we carry out the reaction at a low temperature so that elimination will be mini- 
mized. 
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1-Bromobicyclo[2.2.1]heptane is unreactive in ап Sy2 reaction because it is a tertiary 
halide and its ring structure makes the backside of the carbon bearing the leaving group 
completely inaccessible to attack by a nucleophile. 


Br 


1-Bromobicyclo{2.2. 1 ]heptane is unreactive in an Sy1 reaction because the ring structure 
makes it impossible for the carbocation that must be formed to assume the required 
trigonal planar geometry around the positively charged carbon. Any carbocation 
formed from 1-bromobicyclo[2.2.1]heptane would have a trigonal pyramidal arrange- 
ment of the -СН,- groups attached to the positively charged carbon (make a model). 
Such a structure does not allow stabilization of the carbocation by overlap of sp? orbitals 
from the alkyl groups (see Fig. 6.9). 


The cyanide ion has two nucleophilic atoms; it is what is called an ambident nucleophile. 


It can react with a substrate using either atom, although the carbon atom is more nucle- 
ophilic. 


Eo < 


Br—CH,CH, + “СЕМ: —9 CH,CH,—C=N: 


С 


“см + CHCH, В: —> CH,CH,—N=C: 


(a) CaM PETS rie a CH,CH,CHCH, 
OH O^Na* 
CH,CH,CHCH, 
OCH,CH,CH,CH, а ==. CH,CH,CH,CH, В: 
| NaH СН,СН Sh 
(b) (CH,),CSH ЖЕЛИ (СН,),С5 Ма“ тта 


(CH,),C—S—CH,CH, 
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CH, CH, 
(с) CH с в ва 6 сном" 81 
с с 
51 i Et,0 (-H5) 54 27 "* “Nal 
CH, CH, CH, 
шон 
CH, 
NaH CHI 
d) CH.OH ———————» "ма" 3 
(d) С,н,О EGO (-H) CHOT Na p id C,H,OCH, 
Коч оз 
Jau., ВОН N: 
(e) C,H,CH,—Br + Nat СЕМ: Na C,H,CH,—C=N: 
а — 403 Сч  CH,COH И 
(0 CH,C-ONa' + С,Н,СН,-Вг wars P C,H,CH,OCCH, 
HC. CH, 
5 Ay acetone 
(g) HO Nat + gC Br - Naby HOC gy 
CH,CH,CH, CH,CH,CH, 
(R)-2-Bromopentane (S)-2-Pentanol 
Н.С CH, 
® тр op n даг 
CH,CHCHJ" / ENG V'CH,CHCH, 
cH, H H CH 
(S)-2-Chloro-4-methylpentane (R)-2-Iodo-4-methylpentane 
(i) (CH,),CCHCH, EON! (снуссн=сн, + вон 
Вг (-NaBr) 
f ux он 
Ма ОН 
. Brot ox 
G) umen i Т носнюн а 
(-МаВг) 
2. А CH,CH, 
k) Nat V:CEN: с ЕЮН > w= 
(k) Na нет Вг [NBD NEC Cong 
CH, CH, 


(S)-2-Bromobutane | 


= ДРЕ 
(1) 2-0 € Nat г acetone, и 
Н.С иас (Nac) ЊС 
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6.33 (a) I (Formation of this product depends on the 
fact that bromide ion is a much better 
H H leaving group than fluoride ion.) 
(0) CH,CH,CHCH,CH,CH, —I (Formation of this product depends on the 
ea greater reactivity of 1° substrates in 542 


6.34 


6.35 


reactions.) 


CH,CH 
? М; (Here two Sy2 reactions produce a cyclic 


(c) S 
‘CH,CH,” molecule.) 


Н Y) : 
(d) Cl-CH,CH,CH,CH,OH + NaH 02 Ci- хил 


С» 


= NaNH, ——— >» CH,C=C: Nat cu 
(e) CH,C=CH + NaNH, lig NH, C=C: Ма мар 
CH,C=CCH, 


The rate-determining step in the 5,1 reaction of tert-butyl bromide is the following: 


slow, 
(CH,);C—Br «2 (cH,),C* + Br 


HO 
(CH,),COH,* 


(CH,),Ct is so unstable that it reacts almost immediately with one of the surrounding wa- 
ter molecules, and, for all practical purposes, no reverse reaction with Вг“ takes place. 
Adding a common ion (Br- from NaBr), therefore, has no effect on the rate. 

Because the (С,Н.),СН" cation is more stable, a reversible first step occurs and 
adding a common ion (Br) slows the overall reaction by increasing the rate at which 
(СС,Н.),СН" is converted back to (С,Н.),СНВг. 


(С,Н,),СНВг ш” (c «Ну,СН" + Br 


H,O 
(C,H,),CHOH,* 


Two different mechanisms are involved. (CH,),CBr reacts by an 5,1 mechanism, and ap- 
parently this reaction takes place faster. The other three alkyl halids react by ап 5,2 
mechanism, and their reactions are slower because the nucleophile (H,O) is weak. The 
reaction rates of CH,Br, CH,CH,Br, and (CH4),CHBr are affected by the steric hin- 
drance, and thus their order of reactivity is CH,Br > CH,CH,Br > (CH;),CHBr. 
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6.36 


6.37 


6.38 


6.39 


*6.40 


The nitrite ion is an ambident nucleophile; that is, it is an ion with two nucleophilic sites. 
The equivalent oxygen atoms and the nitrogen atom are nucleophilic. 


£C Nucleophilic site 


:0-Х-0: 
“хц Nucleophilic site 


(a) The transition state has the form: 


in which charges are developing. The more polar the solvent, the better it can solvate the 
transition state, thus lowering the free energy of activation and increasing the reaction 
rate. 


(b) The transition state has the form: 


in which the charge is becoming dispersed. A polar solvent is less able to solvate this tran- 
sition state than it is to solvate the reactant. The free energy of activation, therefore, will 
become somewhat larger as the solvent polarity increases, and the rate will be slower. 


CH, 
(a) CI-CHz-C-CH;-CR;-1 
CH, 


CH, 
(b) HO-C-CH;-CH;-CI + some alkene 
CH, 


(а) In an Syl reaction the carbocation intermediate reacts rapidly with any nucleophile 
it encounters in a Lewis acid-Lewis base reaction. In the case of the S,2 reaction, the 
leaving group departs only when “pushed out" by the attacking nucleophile, and some 
nucleophiles are better than others. 


(b СМ“ isa much better nucleophile than ethanol and hence the nitrile is formed in the 
S2 reaction of CH,CH,CH,CH,CI. In the case of (СНа) 4CCI the tert-butyl cation reacts 
chiefly with the nucleophile present in higher concentration, here the ethanol solvent. 


AH?, kJ mol! 
(CHj4C—Cl ——» (CHOC + e +328 Homolytic bond dissoc. energy 
(Сис: ——> (CHj4C* +, +715 Ionization potential 
@ к —а- —330 Electron affinity 


(CH,),C—-Cl ——» (СН,) С? + СГ +713 Heterolytic bond dissoc. energy 
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(a) The entropy term is slightly favorable. (The enthalpy term is highly unfavorable.) 
(D да“ = АН? — TAS? 
= 26.6 kJ тої! — (298)(0.00481 kJ тог ') 


= 25.2 kJ mol! 
- АС? 
1 = ———_ 
(©) 108K = > ЗЕТ 
Ш —25.2 kJ mol! 
(2.303)(0.008315 kJ mol ^! КТ )(298 К) 
= —4.4160 


К, = 10744180 = 3.84 x 1077 


eq 


(d) The equilibrium is very much more favorable in aqueous solution because solvation 
of the products (ethanol, hydronium ions, and chloride ions) takes place and thereby sta- 
bilizes them. 


The mechanism for the reaction involves the participation of the carboxylate group. In 
step 1 (see following reaction) an oxygen of the carboxylate group attacks the stereo- 
center from the backside and displaces bromide ion. (Silver ion aids in this process in 
much the same way that protonation assists the ionization of an alcohol.) The configu- 


ration of the stereocenter inverts in step 1, and a cyclic ester called an a-lactone forms. 


-:0 О | | 
са B- о m. 

Step 1 NI OS] — 126, + AgB 
ер " Эгч ô- "iy gbr 
"4 ^ Br. d V^ Br. VH 
CH, “др+ Н CH, Ag* CH, 

An a-lactone 


The highly strained three-membered ring of the o-lactone opens when it is attacked by 
a water molecule in step 2. This step also takes place with an inversion of configura- 
tion. 


O О О 
| 5— | . | 
"e -— -10--С 
:0С | 2 :02 | | 
. Step 2. C "OH, —> СС, êt  — m o. 
| VH СОН, ну "OH + H* 
CH, H CH, CH, 


The net result of two inversions (in steps 1 and 2) is an overall retention of configura- 
tion. 
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*6.43 (а) and (b) 


СО,Н 
КОН 
Ав:О Cla. | Н іпуегѕіоп 
НО € Ра | 
retention (H inversion 
(OH 5 ae. ini 125 
HOm/| aH (S)-C)- orosuccinic H | ОН 
ас14 
(НЬ CH, 
CO;H | СОН , 
(S)-(-)-Malic (R)-(+)-Malic 
acid CO,H acid 
Hm l aC] 
KOH T 
| inversion CH, Ag,O 
ОРОС, CO,H но 
шинээ (R)-(+)-Chlorosuccinic аргыг 
acid 
(c) The reaction takes place with retention of configuration. 
(d) HO,CCH,CHCICO,H 
зос 7” (S)-(—)-Chlorosuccinic кон 
ас1а 
HO,CCH,CHOHCO,H HO,CCH,CHOHCO,H 
(S)-(—)-Malic acid (R)-(+)-Malic acid 
KOH „а, 
HO,CCH,CHCICO,H 
(R)-(+)-Chlorosuccinic 
acid 
*6.44 T ть 
9 9 No change of configuration 
occurs, just a change in the 
çh, > çm relative priority of a 
H,C—C—H H,C—C—H group at the stereocenter. 
| 
CH,Cl CH,N, 
A B 
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*6.45 Comparison of the molecular formulas of starting material and product indicates a loss 
of НСІ. The absence of IR bands in the 1620-1680 ст! region rules out the presence 
of the alkene function. 

A nucleophilic substitution agrees with the evidence: 


[A Ch: » 
НО: ““Н--5 (-H,0) 
Cl: 


Be, 


-— 


*6.46 The IR evidence indicates that C possesses both an alkene function and a hydroxyl group. 
An E2 reaction on this substrate produces enantiomeric unsaturated alcohols. 


+ ici 


OH Br 
e 


Br 


C (racemic) 


WA at NN 
(a) OH (b) OH 
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PROPERTIES AND SYNTHESIS 


SOLUTIONS TO PROBLEMS 


7.1 (a) (E)-1-Bromo-1-chloro-1-pentene 
(b) (E)-2-Bromo-1-chloro-1-iodo-1-butene 
(с) (Z)-3,5-Dimethyl-2-hexene 
(d) (Z-1-Chloro-1-iodo-2-methyl-1 -butene 
(e) (Z45)-3,4-Dimethyl-2-hexene 
(f) (Z35)-1-Bromo-2-chloro-3-methyl-1-hexene 


72 (a,( СН, CH; 
H Е 
CH,=CCH,CH, a CH,CHCH,CH, AH? = -119kJ mol! 
2-Methyl-1-butene 
(disubstituted) 
CH, CH, 
H 
СН,СНСН--СН, —2» CH,CHCH,CH, АН" = —127 kJ mol 
3-Methyl-1-butene : 
(monosubstituted) 
CH, : сн, 
СН,С--СНСН, -2-» CH,CHCH,CH, АН" = —113 kJ mol”! 


2-Methyl-2-butene 
(trisubstituted) 


(c) Yes, because hydrogenation converts each alkene into the same product. 


cH; CH, ike 
(d CH,C=CHCH, > сн-Ссн,СН, ‚ > CH,CHCH =CH, 
(trisubstituted) (disubstituted) (monosubstituted) 


Notice that this predicted order of stability is confirmed by the heats of hydrogenation. 
2-Methyl-2-butene evolves the least heat; therefore, it is the most stable. 3-Methyl-1- 
butene evolves the most heat: therefore, it is the least stable. 


90 
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(e) CHgzCHCH,CHR;CH, Н,С, /CH,CH, Н.С, ,H 
1-Pent C=C, C=C, 
Бичин Н Н Н CH,CH, 
cis-2-Pentene trans-2-Pentene 


(f) Heats of combustion, because complete combustion would convert all of the alkenes 
to the same products. (All of the alkenes have the formula C,H, .)-- 


С.Н, + 7120, — 5CO, + 5Н,0 


(a) 2,3-Dimethyl-2-butene would be the more stable because the double bond is tetra- 
substituted. 2-Methyl-2-pentene has a trisubstituted double bond. 


(b) trans-3-Hexene would be the more stable because alkenes with trans double bonds are 
more stable than those with cis double bonds. 


(c) cis-3-Hexene would be more stable because its double bond is disubstituted. The double 
bond of 1-ћехепе is monosubstituted. 


(d) 2-Methyl-2-pentene would be the more stable because its double bond is trisubstituted. 
The double bond of trans-2-hexene is disubstituted. 


The relative stabilities of the pairs of alkenes in parts (b) and (c) in Problem 7.3 could be 
determined by measuring heats of hydrogenation, because in each instance the two alkenes 
would yield the same product. Heats of combustion could be used to determine the relative 
stabilities of the alkene pairs in parts (a) and (d) [and also those in parts (b) and (c)] because 
on complete combustion the alkenes produce the same number of molar equivalents of CO, 
and H5O. 


Br 
(a) KOE, 2 
HOH bd 4 b dis 
heat : 
(trisubstituted, (monosubstituted, 


more stable) less stable) 
Major product Minor product 


Br 
(b) KOEt p 
Yh кон > ш i 
heat 


(tetrasubstituted, (disubstituted, 
more stable) less stable) 
Major product Minor product 


An anti periplanar transition state allows the molecule to assume the more stable staggered 
conformation, 


Br 
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whereas a syn periplanar transition state requires the molecule to assume the less stable 
eclipsed conformation: 


BH 


7.77 cis-1-Bromo-4-tert-butylcyclohexane can assume an anti periplanar transition state in 
which the bulky tert-butyl group is equatorial: 


е Вг 
ome ZB H --» cae) 
H H 
ВА 


The conformation (above), because it is relatively stable, is assumed by most of the mol- 
ecules present, and, therefore, the reaction is rapid. 

On the other hand, for trans-1-bromo-4-tert-butylcyclohexane to assume an anti 
periplanar transition state, the molecule must assume a conformation in which the large 
tert-butyl group is axial: 


H 


(CH,),C Br => H 


H (Сн), H 


Such a conformation is of high energy; therefore, very few molecules assume this confor- 
mation. The reaction, consequently, is very slow. 


7.8 (a) Antiperiplanar elimination can occur in two ways with the cis isomer. 


ЕСН: 
| (а) H 
ГОН с 
Bi ^ (b) 2. 
(b) 


H4 (major product) 


cis-1-Bromo-2-methylcyclohexane 
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(b) Anti periplanar elimination can occur in only one way with the trans isomer. 


5 H 
Bu 7 CH, 


trans-1-Bromo-2-methylcyclohexane 


О 
79 (a) (D сн,-єн—бн + бди ==” 
Сн; О 
H “О 
сн,—сн—0б*-н + :6-4-6-н 
Он, 9, 
H i 
Q) суси он ucc CH,-cn* + но 
CH, CH, 


7.10 


и 


- Уг . 
(3) CH,—CH-CH,-H + ~:0SO,H €> 
CH,—CH=CH, + HOSO,H 


(b) By donating a proton to the — OH group of the alcohol in step (1), the acid allows the 
loss of a relatively stable, weakly basic, leaving group (H,O) in step (2). In the ab- 
sence of an acid, the leaving group would have to be the strongly basic ОН“ ion, and 
such steps almost never occur. 


CH, | СН, 

(1) CH,CCH,OH + НА <= сн,Ссн,дн, + ЈА“ 
бн, бн, 
CH, CH, 

(2) CH,CCH,OH, To CH,CCH, + Hj 
бн, бн, 

1° Carbocation 

CH, Сн, . | CH, 

(3) cu cen, — сиси, —— CH. сн, сн, 
CH, CH, 

1? Carbocation Transition state 3? Carbocation 
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CH; CH, н 
(4) CH,—-CqCH—CH, — ос * HA 
ШТ ы CH; CH, 
ГА 


2-Methyl-2-butene 


"du ae (-Н,0) CHO) 
711 — CH,CH,CHCH,-OH + H-H => CH ;CH,CHCH, Jon, <a 


+Н 20) CH O) 
CH, H ш CH, | | 
2-Methyl-1-butanol 
de Ты. 
ү, hydrid H + :ӦН 
Ci Cu (и, и сну-Сн3С-сн, «== 
H, CH, 

1° Cation 3° Cation 

CH,CH-C-CH, + H,O° 
H, 
2-Methyl-2-butene 
oA 48 CHO (-H,O) 

СН,СНСН,СН,-ОН + H7O-H L—— СН зЗСНСН, СН „он ==” 

| - | (+ЊО) (+Н ,О) 

3 H бн, 
3-Methyl-1-butanol 
H H ОН 
hydrid IQ + => 

CH,CH ndn I CH сЗсн-сн, == 

| | 

CH, CH, 


CH,C=CH -CH, + Н,0* 
CH, 
2-Methyl-2-butene 


H; 
7.12 HO cH но А 
= ‘> ши 
(- THO” 
Isoborneol 
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à PCI, (1) 3 NaNH; E 
7.13 (a)  CH,CCH, Te” CH,CCLCH, === oil, heat CH,C=CH 
(2) NH,* 
(1) 3 NaNH, 
ти = 
(b) CH,CH;CHBr, "mineral oil, heat CH,C=CH 
(2) NH,* 
[same as (b) 
(c) CH,CHBrCH,Br CH,C=CH 


Br, [same as €] es 
(d) CH,CH=CH, сср? СН/СНСН,Вг CH,C=CH 
Br 


7.14 (a) СН,СН-СН, + NaNH, > No reaction 


yw eus 5 : 
(b) сн,с=С\н + Ма’ ‘NH, — СН.С=С: Ма + ‘NH, 
Stronger Stronger Weaker Weaker 
acid base base acid 


(c) CH,CH,CH, + МаН  ——? No reaction 


a 7а 22: 
(d) CH,C=C? + H.ÓCH,CH, --» CH,C=CH + ЗОСН,СН, 


Stronger M'stronger Weaker Weaker 
base acid acid base 
Lom + 
(e) CH,C=C: + H-NH, — CH,C=CH + МН, 
Stronger V Weaker Weaker 


Stronger acid 


base acid base 


CH CH 
л 3 _ и) И 1 <> d EE " 
715 CH-C-C=C+H + Na NH, —--> СНу-С—С=С Na 


CNH3) 
H, Н, 
CHAT 
CH, 
CH;-C-C=C-CH, 
CH, 


7.16 (а) СН = formula of alkane 
С,Н,, = formula of 2-hexene 


H, = difference = 1 pair of hydrogen atoms 
Index of hydrogen deficiency = 1 


(b) СН; = formula of alkane 
С,Н,, = formula of methylcyclopentane 


H, = difference = 1 pair of hydrogen atoms 


Index of hydrogen deficiency = | 


(c) No, all isomers of С,Н,,, for example, have the same index of hydrogen deficiency. 
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7.17 


(d) No 
(е) C,H, = formula of alkane 
СН, о = formula of 2-hexyne 
H, = difference = 2 pairs of hydrogen atoms 


Index of hydrogen deficiency = 2 


(f) СН», (alkane) 
CoH, (compound) 


Н, = difference = 3 pairs of hydrogen atoms 
Index of hydrogen deficiency = 3 
The structural possibilities are thus 


3 double bonds 

1 double bond and one triple bond 
2 double bonds and 1 ring 

1 double bond and 2 rings 

3 rings 

] triple bond and one ring 


(a) С, Но = formula of alkane . 
Са а = formula of zingiberene 


Н, = difference = 4 pairs of hydrogen atoms 
Index of hydrogen deficiency = 4 


Р 
(b) Since 1 mol of zingiberene absorbs 3 mol of hydrogen, one molecule of zingiberene 
must contain three double bonds. (We are told that molecules of zingiberene do not con- 
tain any triple bonds.) 


(c) If a molecule of zingiberene has three double bonds and an index of hydrogen defi- 
ciency equal to 4, it must have one ring. (The structural formula for zingiberene can be 
found in Problem 23.2.) 


(a) We designate the position of the double bond by using the lower number of the two 
numbers of the doubly bonded carbon atoms, and the chain is numbered from the end 
nearer the double bond. The correct name is trans-2-pentene 


ЛАЛ 1 not Г-23Х25 
4 2 2 4 


(b) We must choose the longest chain for the base name. The correct name is 2-methyl- 
propene. 
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(c) We use the lower number of the two doubly bonded carbon atoms to designate the 
position of the double bond. The correct name is 1-methylcyclohexene. 


1 
2 


(d) We must number the ring starting with the double bond in the direction that gives the 
substituent the lower number. The correct name is 3-methylcyclobutene. 


4 1 3 2 


3 2 4 


== 


(e) We number in the way that gives the double bond and the substituent the lower num- 
ber. The correct name is (Z)-2-chloro-2-butene. . 


CI Cl 


(f) We number the ring starting with the double bond so as to give the substituents the - 


lower numbers. The correct name is 3,4-dichlorocyclohexene. 
2 1 
Cl CI 
not 
(1747-27 CI^5 3 
4 
7.19 (a) (b) (c) 
Oo © 


ОДУ ВУ (e) NANNA (f) CHzCHCBr, 


= эы. | 


3 


çH, 
LANAA A Ње, 2С 
0 < ® шанг O — 2н, с=сн 


1 Н 
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720 (a) = 5 


Br 
(Z,4R)-4-Bromo-2-hexene 


НИ" 
Br 
(E,4R)-4-Bromo-2-hexene 


(b) / KA 
EON 

СН 
(3R,4Z)-3-Chloro-1,4-hexadiene 


pn" 


& \ 
СН 


(3R,4E)-3-Chloro-1,4-hexadiene 


(c) ry 


сїн 


(2E,4R)-2,4-Dichloro-2-pentene 


(3R,4Z)-5-Bromo-3-chloro-4- 
hexen-1-yne 


(3R,4E)-5-Bromo-3-chloro-4- 
hexen-1-yne 


Br 
(Z,4S)-4-Bromo-2-hexene 


Br 
(E,4S)-A-Bromo-2-hexene 


(38,4 E)-3-Chloro-1,4-hexadiene 


Cl д 
сн 
(2Z,4R)-2,4-Dichloro-2-pentene 


(35,47)-5-Втошо-3-сШого-4- 


hexen-1-yne 
Br 
Cl H 
(3S, 4E) -5-Bromo-3-chloro-4- 
hexen-1-yne 
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(а) (E)-3,5-Dimethyl-2-hexene 

(b) 4-Chloro-3-methylcyclopentene 

(c) 6-Methyl-3-heptyne 

(d) 1-sec-Butyl-2-methylcyclohexene or 1-methy]-2-(1-methylpropyl)cyclohexene 
(e) (Z,5R)-5-Chloro-3-hepten-6-yne 

(f) 2-Pentyl-1-heptene 


(ау снснсна (COE > сн сн 
а) Hami (CH&COH а 
(5) 3 él 3 CH,CH,OH НН 
H'h 
(с) CHCH,CHOH ~> СН,СН-СН, 
H*, h 
(d) CH, quen, T CHCH-CH, | 
H 
is Zn, СН,СО,Н 
> 
о or Nal/acetone CH,CH =CH, 
Г 
(0 СН,СёЄСН — > CH,CH=CH, 


Ni,B (P-2) 
CH,CH,ONa 
сан" (У 
(b) 
Соне (У 
(с) 
H, heat, hea xs 6, 


NaNH, LB 
а) HCECH -——°» НСЕС Na" а 1» HC-C—CH, 
q. NH, (Nal) 
ш>» % 
(b нс=сн Њу нсесгма CCB, иес cg cg 
lig. NH, CNaBr) adds 
С ен 
(c) CH,C=CH ADU сн,с=С Nat ND CH;—C=C-CH, 
[ошау] " 3 ) 
CH CH 
(4) СН--С50-СН, и “бас 
[from(c)] ЫФО ноо 
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7.25 


(1) Li, CH,CHNH, CH, Н 


(e) CH—CEC-CH, whoa с=с 
[from(c)] шин H CH, 
Ке vu њу e 
- CH,CH,CH, — Br 
(f НС=С: Ма ти 77 HC=C-CH,CH,CH, 
[from(a)] 
лт. ~ 
NaNH : ~ 
(в) CH,CH,CH,C-CH ра CH,CH,CH,C $C! Na” NI 
[from(f)] ES : Y 


CH,CH,CH,C =CCH, 


H, CH,CH,CH, ~ C= 219 


(h) CH,CH,CH,C=CCH, a oe / 1 
[from(g)] ee) н\н 

| (1) Li, H,CH,NH, CH,CH,CH,. Н 

| = о ааа аы 9 = 

(i) CHCH,CHC СОН: SD ae oe 
rom(g)] 3 

А S NaNH А 

0) нс=С Nat ССН В нсессн,СН, — 9 CH,CH,C=C! Na’ 
[from(a)] CNaBr) - liq. МН, : 

CH,CH,—Br 


> = CH,CH,C=CCH,CH, 


> DO 
(К) CH,CH,C EC! Ма —— CH,CH,C=CD 


[from(j)] 
| D СН, CH; 
(1) CH,C=CCH, NBD” С=С, 
[from(c)] D D 


We notice that the deuterium atoms are cis to each other, and we conclude, therefore, that 
we need to choose a method that will cause a syn addition of deuterium. One way would 
be to use D, and a metal catalyst (Section 7.13) 


H, D 
D, CH, 
oL 
; H 
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7.26 Dehydration of trans-2-methylcyclohexanol proceeds through the formation of a carboca- 
tion (through an E1 reaction of the protonated alcohol) and leads preferentially to the more 
stable alkene. 1-Methylcyclohexene (below) is more stable than 3-methylcyclohexene (the 
minor product of the dehydration) because its double bond is more highly substituted. 


CH, CH, CH, H, 
OH y 
= 2 — + 
-Н.О ge 


(major) (minor) 
Trisubstituted Disubstituted 
double bond double bond 


Dehydrohalogenation of trans-1-bromo-2-methylcyclohexane is an E2 reaction and must 
proceed through an anti periplanar transition state. Such a transition state is possible only 
for the elimination leading to 3-methylcyclohexene (cf. Problem 7.8). 


pg | 
H 
Бн — Qv 
B 7 CH; 3-Methylcyclohexene 
727 (a) ы 6 SENSE = Га“ NHCly - 
` 6-5 | 3 mineral oil, heat СН; С=С‘ Ма C4H;-CECH 


Br 


3 Мамн г 
(b) C,H,CH,—CHBr, 2—5 OHC n HC. сносесн 


mineral oil, heat 


Br, 3 NaNH, - 
= E = ——— yl =r: 
(c) С,Н,СН-СН, co? СН; CH СН, mineral ой, heat СН,СэС! Na 
Br Br 


НЯ» снрсесн 


d 0 PCL, ЈЕ 3 NaNH, oe 
—С— — a a —————— =o! 
(d) C;H,-C-CH, ——» СН; i CH, mineral oil, heat СеН;С =С: Na 
Cl 


MACY CH -C=CH 
7.28 Cyclobutane is less stable than any of the butene isomers. 


7.29 1-Pentene, 3375 kJ mol! 
cis-2-Pentene, 3369 kJ тої! 
trans-2-Pentene, 3365 kJ mol! 
2-Methyl-1-butene, 3361 kJ mol! 
2-Methyl-2-butene, 3355 kJ mol! 
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7.30 1-Pentanol >  l-pentyne >  l-pentene > pentane 
(See Section 3.7 for the explanation.) 


CH, CH CH 
ОЕ 9 3 
731 (а) CH, сненсн, он“ С=С, ^ + снрсненсн, 
Br heat H . CH, 
(major) (minor) 


3 
(b) CHj-C—CH-CH, A CH; coo =CH, 
H, Br heat H, 


CH, 
NaOEt 


3 
(c) CH,CH снн, ==» CH prom + CH,=C(CH,CH,), 


EtOH, 


heat (major) (minor) 


ов 
(4) ын "EtOH, CH + CH, 
heat 


(major) (minor) 
Ї 
(е) E NaOEt CH,CH, 
5 СН EtOH, + 
H H, 3 heat . 
H (major) 
r 
NaOH; CH,CH, 
(f) H H EtOH, Cy 
H heat 
CH,CH, 
CH. 
12 KOr-Bu yes d 
732 (a) CH,CHCHCH, вон е CH=CHCHCH, + CH,CH= CH, 
Br heat (major) (minor) 
СН, KOr-B cH 
(b) CH,CCH,CH, “soe CH CCH =CH, 
CH, Br heat CH, (only) 
CH, CH, 


KOr-Bu 


1 
(c) CH,CH,CCH,CH, -> > СН,СН,ССН,СН, + CH ,сн-бсн,сн, 


t-BuOH, 


Br heat (major) 
3 KOrB ÇH, çH 
u 
(d) CH,CCH,CHCH, трон ОН ссн, CH=CH, + CH,CCH=CHCH, 
CH, Br heat | бн, (major) CH, (minor) 


-KOrBu „ Bu 


(major) (minor) 
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(CH),COK Е 
0) CH,CH,CH,CH,CH,Br “оносон CH,CH,CH,CH=CH, 
(СН, СОК = 
(b) CH,CHCH,CH,Br тенис“ СНСНСН=СН, 
CH, CH, 
CH CH 
12 (CH,),COK 2 
(c) СИ,СНСНСН,Вг YeR сон” CH,CHC=CH, 
CH, CH, 


CH,),COK 
(d) нс-( ув cor" uc У 
3 
(е) Вг, CH,CH,ONa 
H,C сн,сн,он > НЗС 


CH, CH, 
CH,CCH,CH, > CH,CHCHCH, > СН,СН,СН,СН,СН,ОН 
Он 3° Н 2° 1° 
CH, CH 
| g 3 
(а) СН,ССН, -in CH=CCH, 
H CHO) 
CH, CH, CH, 
H' 
(b СН,СНОНСН, => снрснесн, + CH,CH=CCH, 
H (HO) (minor) (major) 
a a qh 
(c) CH,CH,CCH,CH, -E> CH,CH=CCH,CH, + CH,CH,CCH,CH, 
H CHO) (major) (minor) 


CH, 
H 
(d) CH,CCH,OH се“ (CH;C=CHCH, + CH=CCH,CH, 


CH, к. CH, (major) CH, (minor) 
HO " 
(e) не с heat, нс-@ )-сн, + нс= Уон, 
CHO) (major) (minor) 


The alkene cannot be formed because the double bond in the product is too highly 
strained. Recall that the atoms at each carbon of a double bond prefer to be in the same 


plane. 
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737 Only the deuterium atom can assume the anti periplanar orientation necessary for an E2 
reaction to occur. | 


H H ICH; 
П н 
HC 
D 
4 ов 
7.38 (a) A hydride shift occurs. сњо) 
сненснснон —» снісн,сн,сн, Сонг ~ > 
CH 
| 1 t 3 
сн,сн,сн-сн/ 39889, снсн-снсн, —> С=С + HOt 
1-3 shift 1 . _ Н ‘CH, 
(1° cation) A, 10H, (major product) 


(b) A methanide shift occurs. 


ОН cm, “Т сн, mo SOS | 
За» С ee (S, =ш= 


CH, 


нс H ‘OH 
CH, CH, 
* — + но 


(c) A methanide shift occurs. 


®% Ae 2 CAgD 
CH;- тээр CH;- шон — 


H, | H, | 
Ag* 

ju i + ТЗ СЕОН,) 
CH,-C—cH-CH, methanids, сн,-0-ү C-CH, — >» 

H, бн, Н гү 

Et-OH 

нс, сн, = 

с=с, 
Н.С CH, 


(d) The required anti periplanar transtition state leads only to (E) alkene: 


“Н H СН, , Н 
E caye 4 ЭРЭР” с==с 
CH, Св ch, Сен; 


(15,26) 
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In the first step, cholesterol reacts with bromine to form the vic-dibromide. This product 
is then purified by crystallization, and then treatment with zinc in ethanol converts the 
pure vic-dibromide back to cholesterol. (Recrystallization of the vic-dibromide is espe- 
cially easy because it has a higher melting point than cholesterol.) 


Br, 
CCl, 
HO + impurities HO Br 
Br 
Crude cholesterol Careful recrystallization to purify 
Zn, EtOH 
CZnBr) 
HO Pure cholesterol 


(a) Caryophyllene has the same molecular formula as zingiberene (Problem 7.17); thus 
it, too, has an index of hydrogen deficiency equal to 4. That 1 mol of caryophyllene ab- 
sorbs 2 mol of hydrogen on catalytic hydrogenation indicates the presence of two dou- 
ble bonds per molecule. | 


(b) Caryophyllene molecules must also have two rings. (See Problem 23.2 for the struc- 
ture of caryophyllene.) 


(а) С.Н = formula of alkane 
СзоНзо = formula of squalene 


H,, = difference = 6 pairs of hydrogen atoms 

Index of hydrogen deficiency = 6 | 
(b) Molecules of squalene contain six double bonds. 
(c) Squalene molecules contain no rings. (See Problem 23.2 for the structural formula 
of squalene.) 
(a) We are given (Section 7.3A) the following heats of hydrogenation: 

cis-2-Butene + Н, 28, butane AH? = —120 kJ mol! 

trans-2-Butene + H, mir butane AH? = —115 kJ mol”! 
Thus, for 

cis-2-Butene —> trans-2-butene AH? = —5.0 kJ mol! 


(b) Converting cis-2-butene into trans-2-butene involves breaking the т bond. There- 
fore, we would expect the energy of activation to be at least as large as the m-bond 
strength, that is, at least 264 kJ тог" !. 
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| 


АСТ = \ 264 kJ mol! 


(c) 


cis-2-Butene 


AG? = —5.0 kJ mol”? t 


trans-2-Butene 


Free Energy ——» 


Reaction coordinate ———» 


7.43 (а) H " H 
<Я + <> 
СН, B CH, 
| Е 


Е 
Optically active (the Optically inactive and 
enantiomeric form is an nonresolvable 


equally valid answer) 


O н oe 
"С—С 2 
CH,CH (7 “р?” СН,СН,СН,СН,СН,СН, 
G . Н 
Optically active (the Optically inactive and 
enantiomeric form is an nonresolvable 


equally valid answer) 


7.44 That L and J rotate plane-polarized light in the same direction tells us that I and J are not 
enantiomers of each other. Thus, the following are possible structures for I, J, and K. (The 
enantiomers of I, J, and K would form another set of structures, and other answers are 
possible as well.) 


CH, CH 
| =3 Н, 
CH,CH э. „Н = 
du=cu, 
I CH, CH 
ticall ti - y 
Optically active cH,CH mo tH Optically 
| : 
СН, сн, cH,cg, 2% 
СНЕС ман 
| 
CH,CH, P. 


Optically active 
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7.45 The following are possible structures: 


Su H, 
/ х Р 
Н СНСН, 
| CH, 
L CH, 
CH,CH,CHCH(CH,), 
(Hs N 
Optically inactive 
CH, T HCH: H, but resolvable 
Ио У Pt 
H CH, 
M 


(other answers are possible as well) 


7.46 (a) With either the (1R,2R)- or the (15,25)-1,2-dibromo-1,2-diphenylethane, only one 
conformation will allow an anti periplanar arrangement of the H- and Br-. In either case, 
the elimination leads only to (Z)-1-bromo-1,2-diphenylethene: 


fH H 
в” P» 28 Pol 
ры] | m "Ph 
Br "" 
(1R,2R)-1,2- Dibromo-1,2-diphenylethane (Z)-1-Bromo-1,2-diphenylethene 


(anti periplanar orientation of H- and -Br) 


Ph | 
СОМ ~ = H Bn, Ph 
B и" + Ph H 
т 


(15,28)-1,2-Dibromo-1,2- diphenylethane (Z)-1-Bromo-1,2-diphenylethene 
(anti periplanar orientation of H- and -Br) 


(b) With (1R,25)-1,2-dibromo-1,2-diphenylethane, only one conformation will allow an 


anti periplanar arrangement of the H- and Br-. In this case, the elimination leads only to 
(£)-1-bromo-1,2-diphenylethene: 


В 7 N h : Bn, „Н 
: 5 3 D и 
B и] 5 Ph” 'Ph 
r 


(1R,25)-1,2- Dibromo-1,2-diphenylethane (E)-1-Bromo-1,2-diphenylethene 
(anti periplanar orientation of H- and -Br) 
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(c) With (1R,2S)-1,2-dibromo-1,2-diphenylethane, only one conformation will allow an 
anti periplanar arrangement of both bromine atoms. In this case, the elimination leads only 
to (E)-1,2-diphenylethene: | 


д “в Нь, Ph, 


(1R,2S)-1,2-Dibromo-1,2- diphenylethane (Е)-1,2- Diphenylethene 
(anti periplanar orientation of both -Br atoms) 


*747 (а) CH, H, NLB (P2) 
C=CH —oaNaNH, > NH 
or Na/NH, 
CH, HA CH, 


—HA 
4 awe 
CH; CH, 
(b) No, tetrasubstituted double bonds usually show no C—C stretching absorption in 
their infrared spectra. 


*7.48 А 
Му — WM > 
A B 


-Ht 
М УМ ш — а O and its enantiomer 
wooo 


НС“ 5^0 


*7,49 (a) Three 
(b) Six 
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. ADDITION REACTIONS 


SOLUTIONS TO PROBLEMS 


8.1 CH CHCH 
Br 2-Bromo-1-iodopropane 


5* 5- р У . Br 
8.2 (a) снусн,с: сн, + HS —> CHCH,C—CH, В CH,CH,CCH, 
CH, . CH, CH, 


CH, К | СН, I 
Sas 
0) снубСбнсн‚ ^1Sd — CH,C—CHCH, 
SS: ОНЫ 
CH,C—CHCH, 


+ EN 5 
e Cy TEN 2 о 


CH, К Qu CH, 
+ 
83 (a) CH;-¢H-CH=CH, № нас —> CH C ОН-СН, 


H 2? Carbocation 


1,2-hydride 
shift 
CH, CH, 
сн -СН,-СН, ср CHy¢ -СН,-СН, 
Cl “---27 3° Carbocation 
2-Chloro-2-methylbutane 
(from rearranged carbocation) 
^ : 
снб -СН-СН, S> CHi-¢—CH—CH, 
H H 2-Chloro-3-methylbutane 
Unrearranged 2? carbocation | (from unrearranged carbocation) 
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CH + А CH 
3 ~ ~ 5 -0 3, 
0) CHy¢-CH=CH, ФОНСС: —> CH;(-CH-CH, 
СН, H, 2? Carbocation 
27 1,2-methanide 
Н.С shift 
H,C-C м СН, 
HC Cl cu; ¢-CH-cH, 
3-Chloro-2,2-dimethyl butane H, 


(from unrearranged carbocation) 
|“ 
Cl CH, 
CH; H-CH, 
H; 


2-Chloro-2,3-dimethylbutane 
(from rearranged carbocation) 


| О 
8.4 CH=CH, + НО, — CH,CH,OSO,H I CH,CH,OH + H,SO, 
ea : 
8.5 (a) Use a high concentration of water because we want the carbocation produced to 
react with water. And use a strong acid whose conjugate base is a very weak nu- 
cleophile. (For this reason we would not use HI, HBr, or HCl.) An excellent method, 


therefore, is to use dilute sulfuric acid. 


T 

S N ai оу 

+ н=0-н == + үрэн = 
H H 


(from dilute 
Н,50,) 


1 
+ 
+ :0—н == 


Н 
+ 


H,0* 


(b) Use a low concentration of water (i.e., use concentrated Н,50,) and use a higher 
temperature to encourage elimination. 
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(c) 1-Methylcyclohexanol would be the product because a 3? carbocation would be 
formed as the intermediate. 


CH; CH, 
+ 
SN = + X ON 
t нерн = + ен 2 
Н H 
н : 
Н,С RES H,C, OH 
4 
+ :0-H == 
Н 
+ 
H,0* 
CH, > СН, | CH 
E H4O* methanide, 5 
8.6 CH;-C-CH=CH, се = сн,-б—ён-сн, "migration >” сн -С-СН-Сн, 
СН, СН, СН, 


HO CH -H' je 
—— CH;-C—CH-CH, — CH,-C-CH-CH, 
Н,О" СН, НО СН, 


8.7 The order reflects the relative ease with which these alkenes accept a proton and form 
a carbocation. (CH3),C—=CH), reacts faster because it leads to a tertiary cation, 


CH, 
Н,О" | 
(CH,),C=CH, —*—> CH,—C—CH, 3° Carbocation 


CH,CH=CH, leads to a secondary cation, 
H,O* 
CH,CH—CH, ——» CH,— CH—CH, 2° Carbocation 
and CH,=CH, reacts most slowly because it leads to a primary carbocation. 


H + 
CH,—CH, шо. CH,—CH,* 1? Carbocation 


Recall that formation of the carbocation is the rate-determining step in acid-catalyzed 
hydration and that the order of stabilities of carbocations is the following: 


3° > 2° >1° "CH, 
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H—A 
CH CH, 
(-HA) | 
CH,—C—CH, — ——» CH,—C—CH, 
= + О 
dés РА 
2 CH, СН, 
‚вн 5 : 
Br, 4 / 
8.9 23» ” » 9 
(ши * Br 
ыг E 
H H 
ВЭ Bu) © 2 (b) 
5- :Вг: Ви он NES A from (b) 


ion 


Because paths (a) and (b) occur 
at equal rates, these enantiomers 


£2 cr are formed at equal rates. 


зов" form 


LA X (а - 
8.11 CH=CH, + ВВ —— > Mo а + Br 
Вг 
Nu = H,O . 


Nu: 


WwW УСН 
Вг 
+ -H* 
Br—CH,CH,—OH, ——» Br—CH,CH,—OH 
Br—CH,CH,—Br 
Br—CH,CH,—Cl 
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а Вг 
842 (а) ГАХ + enantiomer (b) C 
„СС; Вг 


H,C7 ХН 
H 


c^ 


9, 
f N 
.C—C., 
Н,С"/ усн, 
H | 


Br 
Br у 
CHCH: 
“уда” : + 
'' p" 
H" СН, 


(c) 


CH, 
CH 
= OH 
8.15 (a) (1) - (1) OsO,, pyridine, 25°C > 25°C 
“Q)NaHSO, _____» 
Е“ОН 
СН, 
СН,СН 


= 2 3 
CHEM _(1):080, , pyridine, 25°C > ОН | 
70) мно, > NaHSO, * enantiomer 
z"OH 
o Ди (1) 080, , pyridine, 25°C > 25°C 
(2)NaHSO,  ” 


+ enantiomer 
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8.16 (а) Syn-hydroxylation at either face of (Z)- or cis-alkene leads to the meso compound 
(2R,35)-2,3-butanediol. 


H HC H 
HO, ? „СН: ЫГ. Н,С.3 OH 
7 syn-hydroxylation 1 syn-hydroxylation | 
= ыд—— 

С С, 

но? “СН, /* 
H HC H 
(2R,3S)-2,3-Butanediol (Z)-2-Butene QR,3S)-2,3-Butanediol 


Same meso compound. 


С Ка» 


C 
Н.С”? “ОН 
Н 


(b) Syn-hydroxylation at one face of the (Е)- or trans-alkene leads to the (2R,3R)-enan- 
tiomer; at the other face, which is equally likely, it leads to the (25,35)-enantiomer. 


H H, H H 
HO. ?,CH; ХА Н,С.3 ОН 
T syn-hydroxylation ү syn-hydroxylation | 
җе — ———————— 
C C С 
но? он / У H"j `OH 
(2S,3S)-2,3-Butanediol (E)-2-Butene (2R,3R)-2,3-Butanediol 
Enantiomers 
Н.С Н H,C H 
8.17 (а) ved ты | С=0 +.0=С 
у Fd (2) Zn, HOAc / B 
Н.С CH—CH, H,C ы: 
CH, | CH, 
(D CH,CH,CH=CHCH,CH Е. ЗДО кик СН,СН,СН--О 
сийн 273 (2) Zn, HOAc TOC 
га л 
: (1) O, 
<= = 
(c) O Q) Zn, НОАС Го + O с 
H H 


8.18 Ordinary alkenes are more reactive toward electrophilic reagents. But the alkenes obtained 
from the addition of an electrophilic reagent to an alkyne have at least one electronegative 
atom (Cl, Br, etc.) attached to a carbon atom of the double bond. 


<=- d ved 


H 
or 


-cmc-  -Ы» m 
X 


These alkenes àre less reactive than alkynes toward electrophilic addition because the 
electronegative group makes the double bond "electron poor." 
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8.19 The molecular formula and the formation of octane from A and B indicate that both 


com^ounds are unbranched octynes. Since A yields only CH4CH;CH;CO;H on ozonol- 
ysis, A must be the symmetrical octyne CH4CH;CH;C-—CCH;CH;CH,. The IR ab- 
sorption for B shows the presence of a terminal triple bond. Hence B is 
СН.(СН>)5С=СН. 

Since С (С,Н,,) gives HO;C(CH5);CO5H on ozonolysis, C must be cyclooc- 
tyne. This is supported by the molecular formula of C and the fact that it is converted 
to СзНив (cyclooctane) on catalytic hydrogenation. 


Answer to the Study Problem related to cholesterol biosynthesis, page 355. 


In cholesterol biosynthesis an anti-Markovnikov addition occurs between C10 (once it 
becomes like a tertiary carbocation) and C15, forming the six-membered “C” ring of 
cholesterol (see the reactions in the text, page 355). This process results in a develop- 
ing secondary carbocation at C14, which adds to C18 to form the five-membered “D” 
ring of cholesterol. If, on the other hand, Markovnikov addition occurred between C10 
and C14 instead of anti-Markovnikov addition between C10 and C15, as shown in the 
following scheme, a developing tertiary carbocation would result at C15, along with for- 
mation of a five-membered “С” ring. Then, Markovnikov addition of C15 (as it becomes 
like a tertiary carbocation) to C18 would lead to а four-membered “D” ring and a terti- 
ary carbocation at C19. 


Squalene 


CH, 


О, 
М7 


(35)-2,3-Oxidosqualene | 


CH, CH, H 
6 


HO 
Н.С 2 


which is the same as: 
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820 Ву converting the 3-hexyne to cis-3-hexene using H,/Ni,B (P-2). 
i н, Et 
H, C 
й wecz* Й 
| oN 
Et H Et 


Then, addition of bromine to cis-3-hexene will yield (3R,4R), and (38,45)-3,4-dibromo- 


hexane as a racemic form. 


Et 
Н Et = 
v Br, Hac ABr А 
anti addition 
©, В cH 
H Е Et 


$21 (а) CH,CH,CHCH, 
I 


(4) CH,CH,CHCH, 
OSO,H 


(g) CH,CH,CHCH,Br 
Br 


ч) CH,CH,CHCH, 
CI 


(m) CH,CH,CHCH,OH 
OH 


8.22 (а) 


(35, 45) 


Et 
Bre. „Н 
i 
н”© “Br 
Et 
(3R, 4R) 


Racemic 3,4-dibromohexane 


(b) CH,CH,CH,CH, 


(е) CH,CH,CHCH, 
OH 
(h) CH,CH,CH=CH, 


(к) CH,CH,CHCH,OH 
OH 


(n) CH,CH,CO,H + CO, 


(c) CHSCEDCHGH, 
OH 
(f) СН,СН,СНСН, 
Вг 
(i) СН,СН,СНСН,Вг 
ОН 
О 


0 
0) CH,CH,CH + HCH 


OH 
(c) CY 
Br 
(t) СУ 
| T 
(i) ФЕ 
"IOH 


а 9 
а) HC(CH,),CH 
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BH 1.1 
(m) CT (а) HOC(CH,),COH 


OH 
823. (a) CHCC =CHBr (b) шиш -CH, (c) CH,CH,CBr,CH, 
Br Br 
(d) CH,CH,CH,CH, (e) CH,CH,CH =CH, (f) CH,CH,C =CCH, 


8.24 


8.25 


CH, 
(g) CH,CH,C CH апа CH=ĊCH, [An E2 reaction would take place when 
CH,CH,C =CNa is treated with (CH,),CBr.] 


Н.С, Pr 
(9 CH,C=CHCH, (b) CH,CBr,CH,CH, | (0 С=с 
Br Br CH, 
HC, СН, HC Cl 
(d) CH,CBr,CBr,CH, | (e) C=C (0 © C=C 
/ N / N 
н н H Сс 
нс н | 
Фе с=с (h) CH,CH,CH,CH, (0 CH,CH,CH,CH, 
H CH; 


(p СН,СО,Н (2 molar equivalents) (k) CH4CO,H (2 molar equivalents) 


0) по reaction 


Е Br 3NaNH, 
(a CH,CH,CH=CH, coa CH,CH,CH~CH, mineral ой, 
d Br Br heat 
NH,Cl 
CH,CH,C=CNa — —?* CH,CH,C =CH 
t-BuOK 
СН,СН,СН == = і 
(b) CH; | ,CH,CH,CI -BuOH, heat СН,СН,СН--СН, Thenasin (a) 
2NaNH мн. 
© CH,CH,CH—CHCl — —2—» CH,CH,C=CNa — > 
mineral ой, 
heat 
= CH,CH,C=CH 
3NaNH. МН. 
(d) СН,СН,СН,СН--С1 : 5 2 CH,CH,C=CNa —=> 
| mineral oil, 
С heat 


CH,CH,C=CH 


(e) H-C=C-H NEU н—сесма ССВ сиснсесн 
5 3 
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. CH, А CH, 
1 H,0°,H,O ү 
826 (а) CH,C=CH, ————> CH,CCH, 
Н 
СН, 
ЇЕ нај 1 : 
(b CH,C=CH, ^ » СН,ССН, 
1 
CH, CH, 
us HBr 
(c) CH, CH, (no peroxides) CH,CCR, 
Br 
CH, CH, 
| HF d 
(d CH,C=CH, — = CH,CCH, 
F 
fs Cl, HO (Hs 
(e) CH,C=CH, EL CH,CCH,CI 
OH 


8.27 


8.28 


(а) C,H), (saturated alkane) 
CoH, (formula of myrcene) 


Н, = 3 pairs of hydrogen atoms 
Index of hydrogen deficiency (IHD) = 3 


Myrcene contains no rings because complete hydrogenation gives СН, which 
corresponds to an alkane. 


(b 


м 


That myrcene absorbs three molar equivalents of H, on hydrogenation indicates that 
it contains three double bonds. 


(c 


ме 


(d) Three structures are possible; however, only one gives 2,6-dimethyloctane on com- 
plete hydrogenation. Myrcene is therefore 


CH, CH, 
cH,¢=CHCH,CH,CCH =CH, 


О 
(e) O=CHCH,CH,CCH =0 


+ 
сн,сн= Сн, + н=а ——» CH,—CH—CH, шин 


CH,CHCH, -— CH,CHCH, 
+ 


(Н 


ст 
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8.29 The rate-determining step in each reaction is the formation of a carbocation when the 
alkene accepts a proton from HI. When 2-methylpropene reacts, it forms a 3? carbocation 
(the most stable); therefore, it reacts fastest. When ethene reacts, it forms a 1? carbocation 
(the least stable); therefore, it reacts the slowest. 


CH CH CH 
CH 2: Ed. СН-0-сн, => сн (сн 
3 fastest 3 t 3 3-3 
3? Cation I 


Ра B è г 
CH,CH=CH,  — > си,-бН-СН, —» CH,CHCH, 


2° Cation I 


@ . 
22 H—I I 
CH=CH, awe CH;-CH; —== CH,CHI 
1° Cation 


8.30 CH, HCH CHCH, CHCH, CH, CH CHCH CH, 
CH, CH, CH, 
2,6,10-Trimethyldodecane 


8.31 0)0: СН бен .. СН cu 
: (2) Zn, HOAc 3 ac 2-72 3 
О 
|| 
+ HC—CH 
8.32 
2” 
Limonene 
Mars cl (-H,0) 
8.33 єн ПРЕЦИ ———> ааа. LI ae 
Сен: сен, 
H 1,2-hydride y 1 I 


| y+ shift + | 
Сен;—С—Сн, LOT» С.Ну-(-СН, => сн,—с—сн, 


C,H; Сењ СН; 
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.: + 
CH бн N CH, :ОН, 
: S | 4 (-H,0) 


н--ї 
8.34 CH,—C—CH— CH; ——- сњ—— CH—CH, > 


CH, CH, 
CH, | ]|  —« CH, 
I- + 12- + 
CH,—C—CH—CH, =>  CH,;—C--CH—CH, — 
| methanide 
CH, shift CH, 
2? Carbocation 3? Carbocation 
I CH, 
кщч се н= 
CH; 


8.35 (a) The hydrogenation experiment discloses the carbon skeleton of the pheromone. 


њу 
Санио Pt pov" 


Codling moth 3-Ethyl-7-methyl-1-decanol 
pheromone 


The ozonolysis experiment allows us to locate the position of the double bonds. 


< < du (1)0, 8 М 
i : (2) Zn, HOA: < О 
н 
Омо 
н 
(b) 
*» 
8.36  Retrosynthetic analysis 
СН,(СН,) (CH,),CH Syn 
рос 7 2 -——» CH, (CH,),,C =C(CH,),CH, addition 
/ N, fH 
H H ori, 


CH,(CBj;; +C=C+ (CH,),CH, => CH,(CH,),,CH,X + НСЕСН + 
X~-CH,(CH,),CH, 
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8.38 


8.39 


Synthesis 


NaNH, 
HC=CH = 


lig. NH, 


HC=C(CH,),CH, 


ALKENES AND ALKYNES И: ADDITION REACTIONS 


NaNH - 
a~” Ма" :С=С(СН,),СН, 
1 3 


НС=С ! Nat 


CH4(CH CH; S Br 
(-NaBr) 


CH4(CH 4), CH;— Br 


NH (-NaBr) 
CH,(CH,) (CH,),CH. 

CH,(CH,),,C =C(CH,),CH, "xg (рој цай сэн 

H ОЧ 

Muscalure 
Retrosynthetic analysis 

Markov- 
CH,CBr,CH,CH,CH,CH,CH, Е CH =CBrCH,CH,CH,CH,CH, + HBr 
addition 
Markov- _ 
Жэн HC=CCH,CH,CH,CH,CH, ===> НСЕСН + BrCH,CH,CH,CH,CH, 
addition + HBr 
Synthesis 
NaNH, = CH,CH,CH,CH,CH Sa 
= =M т. + УУ АС СС 
НСЕСН темн, > НС=С: Ма CNaBr) 
| ‚ Вг | 
= — ий 
HC=CCH,CH,CH,CH,CH, CH,COBr/alumina HC=CCH,CH,CH,CH,CH, 
H 


tt HBr" 
CH,COBr/alumina 


Syn hydrogenation of the triple bond is required. So use H, and Ni,B(P-2) or H, and Lind- 


lar's catalyst. _ 


(a) CH, 
Ны 2 «ОН 


m s 


CH,CH, 


(c) 


and 
enantiomer 
through syn 
addition 


and 
enantiomer 
through anti 
addition 


CH,CBr,CH,CH,CH,CH,CH, 


(b) CH, 
Hm 6 0H 
= 
CH,CH, 
ф 
Н. В: 
Вт: ~H 
CH,CH, 


and 
enantiomer 
through syn 
addition 


and 
enantiomer 
through anti 
addition 
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8.40 


8.41 


8.42 


8.43 


*8.44 


(а) (2S,3R)- [the enantiomer is (2R,35)-] 
(b) (25,35)- [the enantiomer is (2К,3К)-] 
(c) (2S,3R)- [the enantiomer is (2R,3S)-] 
(d) (25,35)- [the enantiomer is (2R,3R)-] 


Ї 
CY Tw» — Ce > 706 + enantiomer 
| "Br > 


Bromonium ion 


The bromonium ion reacts with a chloride ion to produce the trans-1-bromo-2-chloro- 
cyclohexane enantiomers. 


(а) 1-Pentyne has IR absorption at about 3300 ст“! due to its terminal triple bond. 
Pentane does not absorb in that region. 

(b) 1-Pentene absorbs in the 1620-1680 cm ' region due to the alkene function. Pen- 
tane does not exhibit absorption in that region. 

(c) See parts (a) and (b). 

(d) 1-Bromopentane shows C-Br absorption in the 690-515 ст! region while pen- 
tane does not. 

(e) For 1-pentyne, see (a). The interior triple bond of 2-pentyne gives relatively weak 
absorption in ће 2100-2260 cm“! region. 

(f) For 1-pentene, see (b). 1-Pentanol has a broad absorption band in the 3200-3550 
cm! region. 

(g) See (f) 

(h) 1-Bromo-2-pentene has double bond absorption in the 1620-1680 cm ! region 
which 1-bromopentane lacks. 

(i) 2-Penten-1-o1 has double bond absorption in the 1620—1680 ст! region not found 
in 1-pentanol. 


Because of the electron-withdrawing nature of chlorine, the electron density at the dou- 
ble bond is greatly reduced and attack by the electrophilic bromine does not occur. 


The index of hydrogen deficiency of A, B, and C is two. 
eum 
СН 
Н, - 2pairs of hydrogen atoms 


This result suggests the presence of a triple bond, two double bonds, a double bond and a 
ring, or two rings. The fact that A, B, and С all decolorize Вг,/ССІ, and dissolve in concd. 
H,SO, suggests they all have a carbon-carbon multiple bond. 


A must be a terminal alkyne, because of IR absorption at about 3300 ст |. 


Since A gives hexane on catalytic hydrogenation, A must be 1-hexyne. 


2H 
CH,(CH,),C=CH ^ CH,(CH,),CH, 
A 
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This is confirmed by the oxidation experiment 


(1) KMnO,, ОН“, heat 
=СН -——————————» 
CH,(CH,);C=CH == Шо” CH,(CH,),CO,H + СОТ 


Hydrogenation of B to hexane shows that its chain 1$ unbranched, and the oxidation ех- 
periment shows that B is 3-hexyne. 


(1) KMnO,, ОНГ, heat 
= НО 
CH,CH,C е ТТТ 2 СН,СН,СО,Н 


Oxidation of C shows that it is cyclohexene. 
(2) Н,О" 


(1) KMnO,, ОН“, heat 
№ HO,C(CH,),CO,H 
С 


8.45 (a) Four 


OH 
(b) CH,(CH,); њ А «СН, CH), CoR * enantiomer 
N 
с=с 
Н ZN 
H H 
OH 
CH,(CH,), mi CH, Л + enantiomer 
| 20 
H 


/ 
H (CH,),CO,H 


8.46 Hydroxylations by KMnO, are syn hydroxylations (cf. Section 8.9). Thus, maleic acid 
must be the cis-dicarboxylic acid: 


H H НОЈС 
Ж. Hes ОН 
| KMnO, 
| syn hydroxylation E 
ЄХ Н? ғ “ow 
H CO,H НОЈС 
Maleic acid meso-Tartaric acid 


Fumaric acid must be the trans-dicarboxylic acid: | 


H COH НОЈС COH 
хи 2 Het „Он HO. = H 
| KMnO, | ~t = 
| syn hydroxylation 1 t боо й 
/ ~ НОЈС": SoH но” + CO 
НОЈС H H Н 


Fumaric acid (+)-Tartaric acid 
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8.47 (а) The addition of bromine is an anti addition. Thus, fumaric acid yields a meso com- 


pound. 
н | COH HOC. COH 
хи? т НЫХ. мВт 
EL PEL 
addition ; 
ÁN Br "H н” 5 Br 
но CO,H CO,H 


A meso compound 


(b) Maleic acid adds bromine to yield a racemic modification. 


Н,С Н,С Br Н,С СН 
*8.48 | ty i LA + : | 
5 | Вг СН В B 
3 I r 


Br 
(+) А 


(optically active) (a meso compound) 


(CH).COK , P Lx 
i C. Br 


3 


(+) А (+) A 
Br А - 
к OK, О ^ 26 > у, 
> 
-CH CH, (2)Zn, O ял, НОАс”.О о 
О 
| 
+ 2HCH 
H, JH 
8.49 с=с=с| 
нс=с–сес“ \(CH=CH),CH,CO,H 
H, ,(CH=CH),CH,CO,H 
| “С--С, 
HC2C-C-C H 
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CH 
573 т СН, 
asd mac мы „> CH,CH,CHCH,CH, 
HCH, E 
D 
Optically active Optically inactive 
(the other enantiomer is (nonresolvable) 
an equally valid answer) 
*8.51 (аЬ) d 
чу — — + 
| S S R R 
H OH О H OH .OH H 
A B racemate C 
(c) С, in contrast to its cis isomer, would exhibit no intramolecular hydrogen-bonding. 
This would be proven by the absence of infrared absorption in the 3500- to 3600- 
cm ! region when studied as a very dilute solution in CCl4. C would only show : 
free O—H stretch at about 3625 cm! 
*8.52 H H 
“сн 
С a | б 
2, CH,CH СН,СН 
ми fa сн, 3 ЈА | СІ Е = 3CH, 4 H 
N—C. N—C = 
СН,СН, сн, 9 CH,CH, Cl СН,СН, а 
CH, 5 
р H,O 
CH,CH H CH,CH CH,CH, Ч ӣн 
ae) -c EC A -H Е | Я, 
=C, N—C—O N—C—0O 
и 7 N a N N 
CH,CH, 0--Н cuch, бан CH,CH, ан 
i pu 
CH,CH H 
3 зо Á 
N— 
"A X 
CH,CH, о 
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NUCLEAR MAGNETIC RESONANCE AND 
MASS SPECTROMETRY: TOOLS FOR 
STRUCTURE DETERMINATION 


SOLUTIONS TO PROBLEMS 


9.1 We see below that if we replace a methyl hydrogen by some group Z, then rotation of the 
methyl group or turning the whole molecule end-for-end gives structures that represent 
the same compound. This means that all of the methyl hydrogens are equivalent. 


304. 


M H with Z 


t N / 
Z H 


ё: CH,Z group | 


к li 
3040-4046 
Н Н 


v CHAZ group 


turn К \ 


АП of these are the same compound 


130 
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Replacing a ring hydrogen by Z gives another compound, but replacing each ring hydro- 
gen in turn gives the same compound. This shows that all four ring hydrogens are сашу- 
alent and that 1,4-dimethylbenzene has only two sets of chemical shift equivalent protons. 


Н, Н, Н, Н, Н, 
replace 2 2 
шав, - = 2 
HbyZ 

7 Z 
CH, CH, CH, CH, CH, 


All of these are the same compound 


9.2 (a One (d) One 
(D Two (e) Two 
(c) Two ( Two 
93 (a) CH, CH, CH, 
HOm Н replacement HOm aH HOm А aH 
HP CH : НУ”: “эн, 777: “ЭН 
CH, í CH, CH, 
м 
Diastereomers 
(a) | 
(b) Six CH, (c) | Six signals 
(b) H—C—OH (с) 
(d) H-C-H (e) 
бн, 
(f 
(a) (b) (b) (a) (a) (b) (c) 
94 (a) Two, CH,;—CH;—CH;—CH, (b) Three, CH;—CH; -O—-H 
ЭР ( H ыг (b) 
: H, H 
(c) Four, № ^ (4) Two, N 7 
АЛС, С=С 
Н Н Н СН 
(b) (4) (b) (а) 
(а) (b) (с) (b H -Н(5) 
(e) Four, CH,—CHBr—C—Br ( Two, (а) 
Н (d) (b) Н Н (b) 
CH 
(a) 
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9.5 


9.6 


9.7 


9.8 


(a) Н.С H (b) (a) Н.С CH, (a) 
(g) Three, (h) Four, 
(b) H CH, (a) (b) Н H (b) 
H (c) H (d) 
(a) (b) (c) (e (a) 
CH-CH-CH, Н H (с) 
() Six, с=с Q) Five, Cl—-C-CH—CH, (e) 
(d) H Hf (b H OH(d) 


The 'H NMR spectrum of CHBr;CHCI, consists of two doublets. The doublet from the 
proton of the -СНСІ, group should occur at lower magnetic field strength because the 
greater electronegativity of chlorine reduces the electron density in the vicinity of the 
-CHCI, proton, and consequently, reduces its shielding relative to -CHBr;. 


The determining factors here are the number of chlorine atoms attached to the carbon 
atoms bearing protons and the deshielding that results from chlorine's electronegativity. 
In 1,1,2-trichloroethane the proton that gives rise to the triplet is on a carbon atom that 
bears two chlorines, and the signal from this proton is downfield. In 1,1,2,3,3-penta- 
chloropropane, the proton that gives rise to the triplet is on a carbon atom that bears only 
one chlorine; the signal from this proton is upfield. 


The signal from the three equivalent protons designated (a) should be split into a doublet 
by the proton (b). This doublet, because of the electronegativity of the attached chlorines, 
should occur downfield. 


(а) (b) 
(CLCH);-CH 


The signal for the proton designated (5) should be split into a quartet by the three equiv- 
alent protons (a). The quartet should occur upfield. 


(а) (b) (а) 
А Сыну is CH;-CH-CH, 
I 


(a) doublet 8 1.9 
(b) septet 64.35 


(a) (b) 
B CjH,Cl,is аы 
CI 
(a) doublet 6 2.08 
(b) quartet 65.9 


(4) (b) (a) 
C C,H,Cl, is CI-CH,-CH,-CH,-Cl 
(a) triplet 63.7 
(b) quintet 62.2 
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NUCLEAR MAGNETIC RESONANCE AND MASS SPECTROMETRY 


‘оц SUOS з Лем UYO 0002 © / ‘du! 4nejp3 о|проуу ‘0005 © 


~ 
[^ 
E e 
Q 
Ж E 
15) 
8 & 
Јој 
я x 
— == 
22 
— 
roc = 
4 ra = 


^ 


Ур,» Jy 


~ 


х 
x mm----------- +-- = шин 
и уша шин РА 4 ` 5 1 
“ РА у / 
` 
"d Ч 3 ‘ , 8 
КА 7 ~ ` , ~ 
4 
L4 
| -—— — ———————---- ccce 1-1 ^ Y 1 4 А 
~ г Ялны------- Б] ~ <= 
~ , г 
~ (222 3 , 1 ^ 1 
~ 52 2 ` 
5 ^ ЕУ У А 
"m “ин — ee, З И ` UR 
^ к ~ Ї эээ, X. ~ 
, 
^ NM Y r Y ` Y 
"a л —n—— £-—— ra wm == 
| – -- < - – - Е =a м 4 x А H 4 
~ 
~ ~ у , 
* ` -5 B ! 
"Vl ` ч 5 5 ! 5 
EN x ~ x p IS 
“Зан аи -— N 4 x Н 4 
E e ------ —– -{- - - -== — 
, ^ л 
га Y 
———Á— =æ - | ES 
~ 


Ji 
«——» 

Joc 
j- 


r 


Result: в 
Jab = 
Result: 
sitions. 


(b) 
ка 
|- 
9.10 А single unsplit signal, because the proton is rapidly shifted from axial to equatorial po- 
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| 911 A is 1-bromo-3-methylbutane. The following are the signal assignments: 


(d) (c) (b) (a) 
BrCH,CH,CH(CH,), 


(a) 823 
(b) 827 
(c) 832 
(d) 842 


B is 2-bromo-2-methylbutane. The following are the signal assignments: 


(а) (с) BF (b) 
CH,CH CC CH,), 
49) 


(a) 611 
(b) 633 
(c) 640 
(d) 668 


C is 1-bromopentane. The following are the signal assignments. 


(e) (d) (c) (b) (a) 


BrCH,CH,CH,CH,CH, 
(a) 614 
(b) 623 
(c) 830 
(d) 633 
(e) 634 
9.12 The compound is methane, CH,. The molecular ion is at m/z 16. (This peak also happens 
to be the base peak.) 
j А | - 
не =н + е —> Here + 2e 
H H 
m/z 16 
Mi 


The peaks at m/z 15, 14, 13, and 12 are caused by successive losses of hydrogen atoms. 


| у 
нон —> но + m 
H H 
НЕ 15 
H H 
is j 
н- — H-CG + н 
H n/z 14 
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H-C* --» H-c + Hs 
m/z 13 


H-C? —> с“ + He 
m/z 12 


The small peak at m/z 17 (М“ + 1) comes mainly from methane molecules that contain 
BC. 


13 = 


H 
Boo + e —_ H—CIH + 2e 
H H 
m/z 17 
(М + 1) 


9.13 The compound is water. 


H-O-H + e  ——» H-Ü-H + 2e 


H-0 —» 40 + m 
m/z 16 
The peaks at m/z 19 and m/z 20 are due (primarily) to naturally occurring oxygen 
isotopes. 


1755 E 17° + = 


H—Ó-H + e —> HOH + 2e 
m/z 19 
(Mis 1) 
Н-0-Н + e — HOH + 2e 
m/z 20 
(M++ 2) 
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9.14 The compound is methyl fluoride, СЊЕ. 


СН-Е + e —> [CH Fh + 2e 


m/z 34 
(M1) 
[CHF]; ——» [CHF] + He 
m/z 33 
[CHF] —» [CHF + He 
m/z 32 
[СНЕ] —-,» [СЕ]* + He 
m/z 31 
[CHF] — [Е * CH; 
m/z 19 
[CHF]; — [СН + F 
m/z 15 
сн | — [CH] + не 
m/z 14 


О 
| | | 
915 (а) СН,ССН,СН, | СН,СН,СН,СН CHCHCH СН,--СНСН,ОСН, 


СН, 


CH,CH =CHCH,OH 21. 4 у д u 
OH 
H, 
mi Moren, [> снон ось | 
Ó OH 


RA RASA RA К, 


(b) Only the first three. (The peak at 1730 cnr! is due to a C=O group.) 
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First, we recalculate the intensities of the peaks so as to base them on the M* peak: 


m/z INTENSITY 
% of Mt 

86M*  10.0/10.0 X 100= 100 

87 0.56/10.0 X 100 = 5.6 

88 0.04/10.0 х 100 = 0.4 


1. Since M? is even, the compound must contain an even number of nitrogen atoms (i.e., 
0, 2, 4, etc.). 


2. The value of the М? 1 peak gives the number of carbon atoms. 
Number of carbon atoms = 5.6/1.1 = 5 


The compound must contain no nitrogen atoms because С.М, = (5 X 12) + (2 X 14) = 
88, and the molecular weight of the compound (from the M* peak) is only 86. 


3. The very low value of the М! + 2 peak (0.4%) tells us that the compound does not 
contain S, Cl, or Br. 


4. Ifthe compound were composed only of C and H, it would have to be С.Н: 


Н = 86 — (5X 12) = 26 


But C;H is impossible. 
However, a formula with one oxygen gives a reasonable number of hydrogen atoms, 
Н = 86 — (5 х 12) — 16-10 
and thus our compound has the formula С,Н (0. 
(a) The М! + 2 peak due to CH,—37Cl (at m/z 52) should be almost one-third (32.5%) 
as large as the M? peak at m/z 50. 


(b) The peaks due to CH4-?Br and CH;-?!Br (at m/z 94 and m/z 96, respectively) 
should be of nearly equal intensity. 


(c) That the М? and М“ + 2 peaks are of nearly equal intensity tells us that the com- 
pound contains bromine. C,H,Br is therefore a likely molecular formula. 


C, = 36 C, = 36 
H,-7 Н,-7 
79Вг = 79 81Вг = 81 
m/z = 122 т/с = 124 


Recalculating the intensities to base оп M* 


PEAK m/z; % of BASE PEAK % of M* 
M* 73 86.1 100 
M +1 74 3.2 3.72 
M! +2 75 02 0.23 


These data best fit the formula C4H;NO. 
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9.19 


9.20 


9.21 


(a) First recalculating the intensities so as to base them on the М? peak: 


m/z INTENSITY 
95 of M* 

78M* 24/24 х 100 = 100 

79 0.8/24 x 100 = 3.3 

80 8/24 х 100 = 33 


1. Since М? is even, the compound contains an even number of nitrogen atoms. 
2. Number of carbon atoms = (М? + 1)/1.1 = 3.3/1.1 3. 


3. The intensity of the M? + 2 peak (33%) tells us that the compound contains one chlo- 
rine atom. 


4. We use the molecular weight (from the М? peak) to calculate the number of hydro- 
gen atoms. 


H=78 — 3 X 12) – 35 =7 
Thus, the formula for the compound is C,H,Cl. 


(b) CH,CHCH, 
Cl 


(a) A tert-butyl cation, (СН,),С“. 


CH, | | сн, 

(b) CH,-C-CH, —» о ој + CH; 
CH, CH, 
m/z 51 


A peak at М? - 15 involves the loss of a methyl radical and the formation of a 1° or 2° 
carbocation. 


CH 

(CH, CH,CHCH,CH,] è — CH,CH,CHCH,CH, + CH? 
(Mi) (М$ - 15) 

or 
CH, CH, 

[CH,CH,CHCH,CH,] $ ——> СН,СН,СНСН/ + CH} 
(Mi) (МЕ- 15) 


A peak at M* - 29 arises from the loss of an ethyl radical and the formation of a 2? 
carbocation. 


n бн 
[CH,CH,CHCH,CH, + ——> СН,СН,СН * + CH,CH; 
(M3) (Mi - 29) 


Since a 2? carbocation is more stable, the peak at М: - 29 is more intense. 
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9.22 Both peaks arise from allylic fragmentations: 


PN ms ЕЕ 
CH;-CH-CH; СНСН,СН, — CH;CH=CH, + СНСН,СН, 
СН : 'CH, 
3 Allyl radical m/z 57 
CH;—CH-— «си си; CHCH,CH, ——h 'CH;-CH-CH, + НОО 
CH, m/z 41 CH, 
Allyl cation 


9.23 (a) Alcohols undergo rapid cleavage of a carbon-carbon bond next to oxygen because 
this leads to a resonance-stabilized cation. 


1° alcoho! Е, :CH On —R*y снебн <> ĈH ÖH 
ce 
2° alcohol R-CHSOH' —“*» ксн=бн «-» вбн-бн 


EE 
3° alcohol -Er Ry RC-ÓH > RC—OH 
Ё R R 
The cation obtained from a tertiary alcohol is the most stable (because of the electron- 
releasing R groups). 
(b) Primary alcohols give a peak at m/z 31 due to CH,-ÓH. 
(c) Secondary alcohols give peaks at m/z 45, 59, 78, and so forth, because ions like the 
following are produced. 
+ : + + 
CH,CH-OH CH,CH,CH=OH СН,СН,СН,СН-ОН 
m/z 45 m/z 59 m/z 13 


(d) Tertiary alcohols give peaks at m/z 59, 73, 87, and so forth, because ions like the 
following are produced. 


+ + 
снус—бн сн.сн,р—Он CH,CH,CH,C-ÓH 


СН, СН, СН, 
m/z 59 m/z 73 m/z 87 
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9.24 The spectrum given in Fig. 9.41 is that of butyl isopropyl ether. The main clues are the 
peaks at m/z 101 and m/z 73 due to the following fragmentations. 


CH, і 
| сну 
[е та: 29% > CHcH-ÓCH,CH,CH,CH, 


m/z 101 


T5 5 снснсн (Hs 
CH;-CH—OCH,CH,CH,CH, | CECH cy dud=cu, 


т/с 73 


Butyl propyl ether (Fig. 9.42) has no peak at m/z 101 but has a peak at m/z 87 instead. 


-CHCH? 
[CH,CH,CH,—O-CH,CH,CH,CH,] i peu CHzÓCH,CH,CH,CH, 
m/z 81 
Butyl propyl ether also has a peak at m/z 73. 
-СН,СН,СН? : 
[CH,CH,CH,—O-CH,CH,CH,CH,] $ eS CH,CH,CH,Ó =CH, 
m/z 73 


[Although the observation does not help us decide, it is interesting to notice that both spec- 
tra have intense peaks at m/z 43 and m/z 57 corresponding to propyl (or isopropyl) and 
butyl cations formed by carbon-oxygen bond cleavage.] 


9.25 Тһе compound is butanal. The peak at m/z 44 arises from a McLafferty rearrangement. 


oA T OH} сн, 
HOT Qo| —> |н-с + | 
CHj—CH, CH, CH, 
m/z 72 m/z 44 
(Mi) (Mi - 28) 


The peak at m/z 29 arises from a fragmentation producing an acylium ion. 


H 
х. Е i 

= —> H-C=0 + СН,СН,СН, 
CH, m/z 29 

Сн, 

CH, 


9.26 The ion, CH,-NH,, produced by the following fragmentation. 


вісн, —' сн Ын, <> Сн, йн, 
Ч m/z 30 
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927 Compound A is fert-butylamine. Our first clue is the molecular ion at m/z 73 (an odd- 
numbered mass unit) indicating the presence of an odd number of nitrogen atoms. The 
base peak at m/z 58 is our second important clue. It arises from the following fragmenta- 


tion. 
CH, $ P 
сн-0-мн| 2 сн с—=їн, 
H, H, 
m/z 58 
The !H NMR spectrum confirms the structure 
(a) (b) Н 
(CH,),C—NH, (a) Singlet 6 1.2 (9H) 


(b) Singlet 6 1.3 (2H) 


9.28 The compound is 2-methyl-2-butanol. Although the molecular ion is not discernible, we 
are given that it is at m/z 88. This information gives us the molecular weight of B and 
rules out the possibility of a structure with an odd number of nitrogen atoms. 

The IR absorption (3200—3550 cm ') suggests the presence of an —OH group. 

Two important peaks in the mass spectrum are the intense peaks at m/z 59 and 
m/z 73. These peaks correspond to fragmentation reactions that produce resonance-sta- 
bilized oxonium ions and strongly suggest that we have a tertiary alcohol [see Problem 
9.23, part (d)]. 


CH, 
снсн,—с-он | 22% 

H; CH, 

«Сне m/c 59 


CH 
E Сон 
j 


CH,CH,C =bH 
т/:73 CH, 


The peak at m/z 70 corresponds to the loss of a molecule of water from the 
molecular ion, and the peak at m/z 55 probably arises from a subsequent allylic cleavage. 


CH, | 
CH,CH =C—CH, 
CH, 7 m/z 70 
CH,CH;-C-0H 


H $ 
CH, -Н,О | : 
CH,CH,C =CH, 


m/z 70 


р 
CH, 

ён,-с=сн, 
m/z 55 
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9.29 


The ЇН NMR spectrum of B confirms that it is 2-methyl-2-butanol. 


(a) 


(b) 


(c) 


(d) 


(e) 


(f) 


(g) 


(h) 


(i) 


(c) 
(a) (b) o 


(a) (b) (a) 
CH;-CH—CH, 
Br 


(b € (c) (a) 
CH;-C-CH;-CH, 


(b) (a) 
ү 


(а) (b) (c) (4) 
CH;-CH;-CHCO,H 


Br 


(b) (a) 
(Сана 


(а) (b) (с) 


СН:--СН,-0-СН,СО,Н 


(a) Triplet, 8 0.9 (3H) 
(b) Quartet, 6 1.6 (2H) 
(c) and (d) Overlapping singlets, 8 1.1 (7H) 


(a) Singlet, 8 1.28 (9H) 
(b) Singlet, 8 1.35 (1H) 


(a) Doublet, 6 1.71 (6H) 
(b) Septet, 6 4.32 (1H) 


(a) Triplet, 5 1.05 (3H) C=O, 1720 ст! 
(b) Singlet, 8 2.13 (3H) 
(c) Quartet, 6 2.47 (2H) 


(a) Singlet, 2.43 (1H) О-Н, 3200-3550 cm’! 
(b) Singlet, 8 4.58 (2H) 
(c) Multiplet, 8 7.28 (5H) 


(a) Doublet, 5 1.04 (6H) 
(b) Multiplet, 8 1.95 (1H) 
(c) Doublet, 8 3.35 (2H) 


(a) Singlet, 2.20 (3H) C=O, near 1720 ст 
(b) Singlet, 8 5.08 (1H) 
(c) Multiplet, 8 7.25 (10H) 


(a) Triplet,8 1.08 (3H) C=O (acid) 1715сш" 
(b) Multiplet, 6 2.07 (2H) O—H, 2500-3000 cm’ 
(c) Triplet, 6 4.23 (1H) 

(d) Singlet, 8 10.97 (1H) 


(a) Triplet, 6 1.25 (3H) 
(b) Quartet, 6 2.68 (2H) 
(c) Multiplet, 8 7.23 (5H) 


(a) Triplet, 8 1.27 ЗН) C—O (acid) 1715 ст! 
(b) Quartet, 8 3.66 (2H) О-Н, 2500-3000 ст! 
(c) Singlet, 6 4.13 (2H) 
(d) Singlet, 8 10.95 (1H) 
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(a) (b) (a) 
G) CH;-CH—CH, (a) Doublet, 6 1.55 (6H) 
NO, (b) Septet, 6 4.67 (1H) 


(a) (b) (b) (а) 
(k) CH,O-CH,CH;-OCH, (а) Singlet, 8 3.25 (6H) 
(b) Singlet, 8 3.45 (4H) 


ъ © (е) 
0) CH 20-СН- СН, (a) Doublet, 8 1.10 (6H) C=O, near 1720 сш" 


"A (b) Singlet, б 2.10 (ЗН) 
7“ (а) (c) Septet, 8 2.50 (1H) 


(b) (a) 
(m) (Осн, (a) Doublet, 8 2.00 (3H) 
А j (b) Quartet, 8 5.15 (1H) 
(с) Е (c) Multiplet, 6 7.35 (5H) 


9.30 Compound Е is phenylacetylene, С,Н.С--СН. We can make the following assignments 
in the IR spectrum: 


Wavelength (um) 


„| =е—н— 
jg =C—H | CC (Ar) = | 


4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400 200 


Wavenumber (cm!) 


The IR spectrum of compound E (Problem 9.30). (Spectrum courtesy of Sadtler Re- 
search Laboratories Inc., Philadelphia.) 


9.34 Compound G is 2-bromobutane. Assignments are as follows: 


(а) (b) (d) (с) 
СН,-СН,-СН-СН, 


Br 
(a) triplet 61.05 
(b) multiplet ô 1.82 
(c) doublet 8 1.7 
(d) multiplet 64.1 
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9.32 


9.33 


#9,34 


Compound H is 2,3-dibromopropene. Assignments are as follows: 


d) H (a) 
\ pus 
С--С 


X 
(c) H Br 


(a) 642 
(b) 86.05 
(c) 65.64 


Compound J is cis-1,2-dichloroethene. 


H H 
Е, 
El 
CI Cl 


We can make the following IR assignments: 


3125 сш", alkene C—H stretching 
1625 cm !, C=C stretching 
695 ст, out-of-plane bending of cis double bond 


(a) Compound K is, 


(a) 9 (5 (о) (a) Singlet,82.15 C=O, 1720 ст! 
CHj-C-CH-CH, (0) Quartet, 8 4.25 
OH (d) (c) Doublet, 8 1.35 
(d) Singlet, 8 3.75 


(b) When the compound is dissolved іп D;O, the —OH proton (d) is replaced by a 
deuteron, and thus the 'H NMR absorption peak disappears. 


О О 
» | 
CH,CCHCH, + DO 25 CH,CCHCH, + DHO 
OH OD 


Run the spectrum with the spectrometer operating at a different magnetic field strength 
(i.e., at 30 or at 100 MHz). If the peaks are two singlets the distance between them— 
when measured in hertz—will change because chemical shifts expressed in hertz are 
proportional to the strength of the applied field (Section 9.6). If, however, the two peaks 
represent a doublet, then the distance that separates them, expressed in hertz, will not 
change because this distance represents the magnitude of the coupling constant and cou- 
pling constants are independent of the applied magnetic field (Section 9.8). 
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Compound О is 1,4-cyclohexadiene and Р is cyclohexane. 
(a) " 
(b) 
Н, 3 (a) 826.0 
(b) Ni (5) 6 124.5 
а 
(0) (a) P 
The molecular formula of Q (C-H) indicates an index of hydrogen deficiency (Section 
7.8) of four. The hydrogenation experiment suggests that Q contains two double bonds 
(or one triple bond). Compound Q, therefore, must contain two rings. 
Bicyclo[2.2.1]hepta-2,5-diene. The following reasoning shows one way to arrive 
at this conclusion: There is only one signal (6 143) in the region for a doubly bonded 
carbon. This fact indicates that the doubly bonded carbon atoms are all equivalent. That 


the signal at 6 143 is a CH group in the DEPT spectra indicates that each of the doubly 
bonded carbon atoms bears one hydrogen atom. Information from the DEPT spectra tells 


us that the signal at 6 75 is а —CHa-— group and the signal at 6 50 is a —с—н group. 


The molecular formula tells us that the compound must contain two Sc-H groups, 


and since only one signal occurs in the C spectrum, these Әс—н groups must be 
equivalent. Putting this all together, we get the following: 


(a) 
(c) ny O m (a) 650 
——— (b) 875 
(c) c) М (c) 8143 
Q (a) k 


That S decolorizes bromine indicates that it is unsaturated. The molecular formula of S 
allows us to calculate an index of hydrogen deficiency equal to 1. Therefore, we can 
conclude that S has one double bond. 

The "ЭС spectrum shows the doubly bonded carbon atoms at 8 130 and 6 135. 
In the DEPT spectra, one of these signals (6 130) is a carbon that bears no hydrogen 
atoms; the other (6 135) is a carbon that bears one hydrogen atom. We can now arrive 
at the following partial structure. 


e £ 
С==< 
/ N 
C H 


The three most upfield signals (6 19, 8 28, and 6 31) all arise from methyl groups. 
The signal at 6 32 is a carbon atom with no hydrogen atoms. Putting these facts together 
allows us to arrive at the following structure. 


(a) сл 
: vo 0/ is (a) 519. (d) 832 
/ \ (b) 6 28 (e) 5 130 
HC H (c) 831 (f) 5135 
(b) 
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Although the structure just given is the actual compound, other reasonable struc- 
tures that one might be led to are 


H,C Рен: H,C CH, 
С==< апд С==< 
| / N N 
H CH, H C(CH,), 


9.38 The IR absorption band at 1745 ст“ ! indicates the presence of a ‘c=0 group in a five- 

member ring, and the signal at 6218.2 can be assigned to the carbon of the carbonyl group. 

There are only two other signals in the 13C spectrum; the DEPT spectra suggest 

two equivalent sets of two -CH,— groups each. Putting these facts together, we arrive at 
cyclopentanone as the structure for T. 


О 
(b) (a) 623.5 
(b) 6 38.0 
(а) (c) 62182 
T 


~H,O ~ 
он он OH sos OH 
orbya hydride migration 
KA 


+ è 
Br 
alkanide N 6 


migration 
(8 E 
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SOLUTIONS TO PROBLEMS 


H—H + F—F шинжин ин 


(DH? — 435) (DH? = 159) 
+594 kJ тој“! 


is required for 
bond cleavage 


AH? = +594 — 1138 
= —544 kJ mol`! 


10.1 (а) 


(b С-Н + F-E  — 


(DH? = 435) (DH? = 159) 
+594 kJ тој“ ! 


is required for 
bond cleavage 


(DH? 


AH? = 4594 — 1021 


CH,-F + 


2H—F 
2(DH° = 569) 
—1138 kJ тој“! 


is evolved in 
bond formation 


H—F 
452) (DH? = 569) 


—1021 kJ mol ^! 


is evolved in 


bond formation 


= —427 kJ mol`! 
© сн + «са  —— сна + H—CI 
(DH? = 435) (DH? = 243) (DH? = 349) (DH? = 431) 
+678 kJ тој“! —780 kJ mol! 


is required for 
bond cleavage 


AH? = +678 — 780 


is evolved in 
bond formation 


= —102 kJ mol! 
(d CH,—H + Br—Br — CH,—Br + H—Br 
(DH? — 435) (DH? = 192) (DH? = 293) (DH? = 366) 


+627 kJ mol! 
is required for 
bond cleavage 
AH? = +627 — 659 
= –32 kJ mol! 


148 


—659 kJ тої! 
is evolved in 
bond formation 
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© CH,—H + I—I — сыт + H-I 


(DH? = 435) (DH? = 151) (DH? = 234) (DH? = 297) 
+586 kJ тој“! —531 kJ mol! 
is required for . 15 evolved in 
bond cleavage bond formation 
AH? = +586 — 531 
= +55 kJ mol! 
(0 CH,CH,—H + CI—CI — CH;CH.—Cl + H—CI 
(DH? = 410) (DH? = 243) (DH? = 341) (DH? = 431) 
+653 kJ тој“ ! —772 kJ mol! 
is required for is evolved in 
bond cleavage bond formation 
AH? = +653 — 772 
= —119 kJ mol! 
(p (CHj,CH—H + CI—CI — (CHj4CH—CI + н—а 
(DH? = 395) (DH? = 243) (DH? = 339) (DH? = 431) 

+638 kJ mol! —770 kJ mol"! 

is required for is evolved in 

bond cleavage bond formation 

AH? = +638 — 770 
= –132 КЈ тој“! 


® (CHj.C—H + а-а  ——» (CH,),C—Cl + н-а 


(DH? = 381) (DH? = 243) (DH? = 328) (DH? = 431) 
+624 kJ шог”! -759 kJ mol! 
is required for is evolved in 
bond cleavage bond formation 
AH? = +624 — 759 
= –135 kJ тој“! 
с 
CH;CH;C* > CH,CH,CH* > (CH,),CHCH,» > CH; 
CH, CH, 
3° > 2° > 1° > Methyl 


The compounds all have different boiling points. They could, therefore, be separated by 
careful fractional distillation. Or, because the compounds have different vapor pressures, 
they could easily be separated by gas chromatography. GC/MS (gas chromatogra- 
phy/mass spectrometry) could be used to separate the compounds as well as provide 
structural information from their mass spectra. Their mass spectra would show contri- 
butions from the naturally occurring ??C1 and 37С1 isotopes. The natural abundance of 
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10.4 


10.5 


10.6 


10.7 


ЗЭС1 is approximately 75% and that of 37C] is approximately 25%. Thus, for CHCl, con- 
taining only one chlorine atom, there will be an МТ peak and an MT +2 peak in roughly 
a3:1 (0.75:0.25) ratio of intensities. For CHCl, there willbe Mt, Mt +2, ааа МТ +4 
peaks in roughly a 9:6:1 ratio, respectively. [The probability of a molecular ion Mt 
with both chlorine atoms as З5СІ is (.75)(.75) = .56, the probability of an MT +2 ion 
from one PCI and one 27С1 is 2(.75)(.25) = .38, and the probability of an M? +4 ion 
peak from both chlorine atoms as 37C] is (.25)(.25) = 0.06; thus, their ratio is 9:6:1.] 
For CHC], there will be Mt, Mt +2, and Mt +4, and Mt +6 peaks in approxi- 
mately a 27:27:9:1 ratio, respectively (based on a calculation by the same method). 


. (This calculation does not take into account the contribution of 13C, °H, and other iso- 


topes, but these are much less abundant.) 


A small amount of ethane is formed by the combination of two methyl radicals: 


2СНу — СН, : CH, 


This ethane then reacts with chlorine in a substitution reaction (see Section 10.6) to form 
chloroethane. 

The significance of this observation is that it is evidence for the proposal that the 
combination of methyl radicals is one of the chain-terminating steps in the chlorination 
of methane. 


The use of a large excess of chlorine allows all of the chlorinated methanes (CHCl, 
СН,СІ,, and СНСЬ) to react with chlorine. 


Chain Initiation 

Яёр1 | F—F —> 2F: AH? = +159 ЕЈ mol! 
(DH? = 159) | 

Chain Propagation 

Яер2 СН-Н + Е: ——> СН, + H—F АН? = —134 kJ mol! 
(DH? — 435) (DH? — 569) 

Step3 CH, + Е-Е ——> CH,—F + Е: АН? = -293kJ mol! 


(DH° = 159) (рН“ = 452) 


Chain Termination 


CH, + Е: — CH,—F AH? = —452kJ mol! 
(DH? = 452) | 
CH, + CH, ——> CH,—CH, AH? = -368kJ тој“! 
(DH? = 368) 
Е + Е — > F—F АН? = —159kJ mol! 
| (DH? = 159) 

CH,—H + С — CH, + H—F АН" = —134КЈ mol! 
CH; + Е-Е ——» CHF + F- АН? = —293 КІ mol! 
CH,—H + Е-Е — CH,—F + НЕ AH? = —427 К mol”! 
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10.8 (а) Reactions (3), (5), and (6) should have E, = 0 because these are gas-phase reactions 
in which small radicals combine to form molecules. 


(b) Reactions (1), (2), and (4) should have E, > 0 because in them covalent bonds are 
broken. 


(c) Reactions (1) and (2) should have Ега = AH? because in them bonds are broken ho- 
molytically but no bonds are formed. 


10.9 (a) 5. F---H---CH, $: 

Ега = +5.0 kJ mol! 

РЕЈ ia 

Reaction coordinate ———» 
(b) 5: CH,—F-—F à: 

Ега = +4.2 kJ mor! 

| AH? = —293 kJ mol ^! 

PE 


Reaction coordinate ———» 
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(c) 2Е- 


Ега = +159 kJ mol! 


Reaction coordinate ———» 


(d) CH, + F 


AH? = —452 kJ mol! 


Reaction coordinate ———» 


(e) Notice that this is the reverse of Step (2) in part (a) 


AH? = +134 kJ mol! 


Reaction coordinate ———» 


10.10 (а) СН,СН,-Н + Cl ——» CH,CH, + H—Cl 
(DH? = 410) (DH? = 431) 


AH? = —431 + 410 = —21 kJ mol! 
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| CH,CH, + CL 
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Transition 
state 


6: 5. 
Cl -—H--CH,CH, 


Ега = *42kJ mol! 


AH? = —21 kJ mol`! 


Reaction coordinate ———» 


(c) The hydrogen abstraction step for ethane, 
CH,CH,-H + Cle —> CH,CH, + НСІ (Ела = 4.2 kJ тог !) 


has a much lower energy of activation than the corresponding step for methane: 


CH-H + се —> CH, + на (Ела = 15.9 kJ mol!) 


Therefore, ethyl radicals form much more rapidly in the mixture than methyl 
radicals, and this leads to the more rapid formation of ethyl chloride. 


10.11 


Step 2a 


Step Ja 


Step 2b 
Step 3b 


hv 


CL cher 201. 
c ci 
Ck + H:iC-CH, —> на + «C-CH, 
H H 
а ст 
сне. + сыс —> CH-C-CI + Ck 
H H 


1,1-dichloroethane 
Cle + Н-СН,СН,(1 — H:Cl + *CH;CH,CI 


*CH,CH,Cl + с: — асњсења + се 
1,2-dichloroethane 


10.12 (a) There is a total of eight hydrogen atoms in propane. There are six equivalent 1° 
hydrogen atoms, replacement of any one of which leads to propyl chloride, and 
there are two equivalent 2° hydrogen atoms, replacement of any one of which leads 
to isopropyl! chloride. 


CH,CH,CH, + CL  —» CH,CH,CH,Cl + CH,CHCH, 


Cl 
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If all the hydrogen atoms were equally reactive, we would expect to obtain 7596 
propyl chloride and 25% isopropyl chloride: 


% Propyl chloride = 8 х 100 = 75% 
% Isopropyl chloride = % X 100 = 25% 
(b) Reasoning in the same way as in part (a), we would expect 90% isobutyl chloride and 
1046 tert-butyl chloride, if the hydrogen atoms were equally reactive. 
CH, 
CH-C-H + Cl, --9 (CH,),CHCH,Cl + (CHj4CCI 
CH, 


96 Isobutyl chloride = % X 100 = 90% 
% tert-Butyl chloride = № Х 100 = 10% 


(c) Inthe case of propane (see Section 10.6), we actually get more than twice as much 
isopropyl chloride (55%) than we would expect if the 1° and 2° hydrogen atoms 
were equally reactive (25%). Clearly, then, 2° hydrogen atoms are more than twice 
as reactive as 1° hydrogen atoms. 

In the case of isobutane, we get almost four times as much tert-butyl chloride 
(37%) as we would get (10%) if the 1° and 3° hydrogen atoms were equally reactive. 
The order of reactivity of the hydrogens then must be 


3° > P > ҮГ 
10.13 The hydrogen atoms of these molecules are all equivalent. Replacing any one of them 
yields the same product. 


Cl 


light 
ГА + CL a> (+ more highly chlorinated products) 


Cl 
light 
| | + CL "> а! (+ more highly chlorinated products) 


We can minimize the amounts of more highly chlorinated products formed by using a 
large excess of the cyclopropane or cyclobutane. (And we can recover the unreacted cy- 
clopropane or cyclobutane after the reaction is over.) 


| | Н.С CH, CH, 
10.14 (a) e. (b) сн; (сн, (с) а 


H, Н; Н, 


10.15 At lower temperatures, isomer distribution accurately reflects the inherent reactivities of 
the hydrogens of the alkanes. As the temperature is raised, chlorine atoms become more 
reactive, and hence less discriminating. If the temperature is high enough, hydrogens are 
replaced by chlorine on a purely statistical basis. 
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(b) 


(c) 


(d) 
(e) 


RADICAL REACTIONS 155 


CH, Ai CH, CH, 
= 2 = + т 
Нь С! ыш” Нь. aC] ван 
ён, 43 CH, 
н Си х SH H9 ЕСІ 
Н, CH, CH, 
(25,45)-2,4-ОїсШого- (2R,4S)-2,4-Dichloro- 
pentane pentane 


They are diastereomers. (They are stereoisomers, but they are not mirror images of 
each other.) 


No, (2R,45)-2,4-dichloropentane is achiral because it is a meso compound. (It has а 
plane of symmetry passing through C3.) 


No, the achiral meso compound would not be optically active. 


Yes, by fractional distillation or by gas chromatography. (Diastereomers have dif- 
ferent physical properties. Therefore, the two isomers would have different vapor 
pressures.) 


(fand g) In addition to the (2$,45)-2,4-dichloropentane and (2R,45)-2,4-dichloropen- 


tane isomers described previously, we would also get (25,35)-2,3-dichloropentane, | 


(25,3R)-2,3-dichloropentane and the following: 


сн! CH, CH, 
Ha „С! + Cla. 8 aC] + НСІ 
c on сн, 
H, H, H, 
бн, бн, ac 
(optically active) (optically inactive) (optically active) 
10.17 (а) Seven (see below) 
(b) CH, B CHBr, CH,Br CH,Br CH, 
D = Е 
du, heat, dy, * Нь. Br + шн ad * Br, 
light 
n H, n т» єн, 
CH, CH, CH, CH; CH, 
(a) (b) (c) 
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CH, CH, CH, CH, CH, CH,Br 
НЫ 48: + Ba aH + НЫС 4Вг | Huger + Bago + ин 
Вл “Н н” зз; | Н” Вг | i Он, а 

CH, CH, CH, HBr HBr | 


и == СН,Вг 


(c) 


(d) 


10.18 (a) 


(b) 


(с) 


(4) (е) (f) (g) 


None of the fractions would show optical activity. Fractions (b), (d), and (f) are 
racemic forms; all others contain achiral molecules. 


Ions likely to be formed are the molecular ion (Mt), Mt -Br, and others. The Mt 
peak would be accompanied by Mt +2 and Mt +4 peaks due to the isotopes of 
bromine. The natural abundance of "Br is 50.5% and the natural abundance of 
8!Br is 49.5%. Thus, the Mt peak (where both bromines are "?Br) has probabil- 
ity (.505)(.505) = .255, the Mt +2 peak (опе "Br and one ?'Br) has probability 
2(.495)(.505) = .500, and the probability of the Mt+4 peak (where both bromine 
atoms are ®!Br) is (.495)(.495) = .245. Thus, the Mt, МТ +2, and MT +4 peaks 
will have an intensity ratio of approximately 1:2:1, respectively. (This calculation 
does not take into account the contribution of C, °H, and other isotopes.) The 
М -Br peak would also be accompanied by an МТ-Вг--2 peak. 


No, the only fractions that would contain chiral molecules (as enantiomers) would 
be those containing 1-chloro-2-methylbutane and the one containing 2-chloro-3- 
methylbutane. These fractions would not show optical activity, however, because, 
they would contain racemic forms of the enantiomers. 2 


Yes, the fractions containing 1-chloro-2-methylbutane and the one containing 2- 
chloro-3-methylbutane. 


Yes, each fraction from the distillation could be identified on the basis of ІН NMR 
spectroscopy. The signals related to the carbons where the chlorine atom is bonded 
would be sufficient to distinguish them. The protons at C1 of 1-chloro-2-methyl 
butane would be a doublet due to splitting from the single hydrogen at C2. There 
would be no proton signal for C2 of 2-chloro-2-methylbutane since there are no 
hydrogens bonded at C2 in this compound; however, there would be a strong sin- 
glet for the six hydrogens of the geminal methyl groups. The protons at C2 of 2- 
chloro-3-methylbutane would approximately be a pentet, due to combined splitting 
from the three hydrogens at C1 and the single hydrogen at C3. The protons at C1 
of 1-chloro-3-methylbutane would be a triplet due to splitting by the two hydro- 
gens at C2. 


10.19 Chain-Initiating Step 


heat,hv 
2 Tight > 2 Cl 
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*10.20 (a) 


(f) 
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CH,CH,CH,* > CH,CH,CH,CI 


Cle + HCl + Cle 
CH,CH,CH, 
CL 
CH,CH* —> CH,CHC! + Cl 
Н, + HCl H, 
Three CH, CH, 
а НЬ СІ Cia Н 
CH,CH,CH,CH, —> CH,CH,CH,CH,Cl + ] + ] 
| Р”, 
H, H, 
II In 


V———————— 


Enantiomers as a 
racemic form 


Only two: one fraction containing I, and another fraction containing the enantiomers 
Папа III as a racemic form. (The enantiomers, having the same boiling points, would 
distill in the same fraction.) 


Both of them. 
The fraction containing the enantiomers. 


The 'H spectrum for 1-chlorobutane would show a triplet at approximately 63.6- 
3.8, whereas the hydrogens at C2 of 2-chlorobutane (either enantiomer) would 
approximately be a pentet at 63.6-3.8. The DEPT spectra for 1-chlorobutane would 
have three positive signals corresponding to the carbons of the three CH; groups 
and one negative signal corresponding to the СНз. The DEPT spectra for the 2- 
chlorobutane enantiomers would have only one positive signal corresponding to the 
single CH; carbon, and three negative signals corresponding to the two СНз groups 
and the CH carbon. 


Molecular ions from both 1-chlorobutane and the 2-chlorobutane enantiomers would 
be present (but probably of different intensities). Mt +2 peaks would also be pres- 
ent. Both compounds would likely undergo C-Cl bond cleavage to yield C4Ho* 
cations. The mass spectrum of 1-chlorobutane would probably show loss of a propyl 
radical by C-C bond cleavage adjacent to the chlorine, resulting in an m/z 49 peak 
for СН,СІ? (and m/z 51 from ??СІ). Similar fragmentation in 2-chlorobutane would 
produce an m/z 63 peak for СН:СНСІ“ (and m/z 65). 
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10.21 


10.22 


10.23 


10.24 


(а) Five 


win 


H, сна СН, сн, CH, P 
Cla c AH CL C Ia Š E Cl H 


| 22325 423 D 
Е 4 otim v Ci 


(b) Five. None of the fractions would be a racemic form. 

(c) The fractions containing А, D, and E. The fraction containing B and C would be op- 
tically inactive. (B contains no stereocenter and C is a meso compound.) 

(a) Oxygen-oxygen bonds are especially weak, that is, 


HO—OH DH? = 213 kJ mol! 
CH,CH,O—OCH, | DH? = 184 kJ тој“! 


This means that a peroxide will dissociate into radicals at a relatively low temperature. 


RO—OR 9930€, 260. 


Oxygen-hydrogen single bonds, on the other hand, are very strong. (For HO-H, DH? = 
498 kJ mol~!.) This means that reactions like the following will be highly exothermic. 


ВО. + R-H --Э» RO-H + Re 


Chain 
Initiation 


(b) Step1 (CH;);CO—OC(CH,), “> 2 (CH,),CO- } 
Чер2 (СН,),СО•.+ R-H —> (CH,),COH + В. 


Step3 Re + CI-Cl — Ка + d. Chain 


Step4 Cle + R-H — > H-Cl + В Propagation 
CH, CH, CH, CH, 
| | 
CH,CCH,CH, > CH,CHCHCH, > CH,CHCH,CH,* ~ CH ,CHCH,CH, 
(3°) | (2°) (1°) (1°) 


а) Cl — 2Ck AH? = +243 kj mol! 
(2 Cl + CH, — сња + Н: AH? = +85.8 kJ mol! 
(3) Н + Cl — на + Ck AH? = —188 kJ mol! 


This mechanism is highly unlikely to compete with one given in Section 10.4 because 
step (2) of this mechanism is highly endothermic (AH? = +85.8 kJ тој“ !). This means 
that the energy of activation for this step, a chain-propagating step, will have to be larger 
than +85.8 kJ тој" !. Notice in Section 10.5B that neither of the chain-propagating steps 
for the mechanism given in Section 10.4 has an energy of activation greater than + 15.9 
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kJ тој“ !. The alternative mechanism given in this problem, consequently, will proceed 
at a rate that is very much slower than the one given in Section 10.4 and will, for all 
practical purposes, not compete with it at all. 


B 
10.25 (a) CH,CH, A» CH,CH,Br — y. СН,СНД 


(5,2) 
light 
NaOH N 
(b) CH,CH,Br ae CH,CH,OH Чи” CH,CH,O- Ма" 
Un, 
[from part (a)] | CH,CH,Br 
CH,CH,OCH,CH, 
© _(CHy),COK „ 
зо” peat (E2) > (E2) 
light 
CH; CH, CH, 
| Br, NaOEt | 
(d) СН,СНСН,СН, => CH,CCH;CH, "uon? CH.C-CHCH, 
light Br heat HBr, 
(E2) ROOR, 
heat, light . 
(н 
CH,C—CHCH, 
| | 
H Br 
(by anti- 
Markovnikov 
addition) 
(0 CH, 2> CHB 
4 heat, d 
light 
1) NaNH, 1) NaNH, 


HC=CH —— 2» HC=C—CH, — — 2» CH,—C=C—CH, 


2) CH,Br 2) CH,Br 
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10.26 


*10.27 


*10.28 


1) NaNH, | = H,, №,В 
= —— —— —» CH;CH,C—CH —————- 
ВЕН 2) СН,СН,Вг "4 ог 
[from part (a)] Н,, Lindlar’s 
catalyst 


CH,CH,CH—CH, 
| H,O 


CH,CH,CHCH, 
ÓH 


+ + 
(е) CH,CH,Br + Ма” N—N—N' -— > CH,CH,-N—N—N^ 
N 


Chlorine atoms are electronegative and abstract hydrogens according to their "electron 
richness." The electronegative fluorine atom reduces electron density in proportion to its 
proximity to the different CH, groups. The CH, group is the least reactive site because 
the bond dissociation energy for a СН, group is greater than that for a CH, group. 


Besides direct Н: abstraction from C5 there would be many Н: abstractions from the 
three methyl groups, leading to: 


Any of these radicals could then, besides directly attacking chlorine, intramolecularly 
abstract H- from C5 (analogous to the “back biting" that explains branching during alkene 
radical polymerization). 


+ HO: —- + HOH 
oT HO 
dimerization 


X 
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Use the single-bond dissociation energies of Table 10.1: 


Table 10.1  Single-bond homolytic dissociation energies DEP at 25°C 


Compound 


H-Br 

H-I 

CH,-H 

CH,-F 

CH,-Cl 

CH;-Br 

СН,4 

CH4-OH 
СН.-ОСН, 
СН,СН,-Н 
CH,CH,-F 
CH;CH,-Cl 
СН.СН,-Вг 
СН,СН,-4 
СН,СН,-ОН 
СН,СН,-ОСН, 
СН,СН,СН,-Н 
CH,CH,CH-F | 
CH,CH,CH,-Cl 
CH;CH,CH,—Br 
СН,СН,СН,-4 
СН,СН,СН,-ОН 


СН,СН,СН,-ОСН, 


(CH,),CH-H 
(CH,),CH-F 
(CH,),CH-Cl 


А:В —> А. + B: 


kJ тој“ ! 


435 
444 
159 
243 
192 
151 
569 
431 
366 
297 


Compound 


(CH,),CH-Br 
(CH,),CH-1 
(CH,),CH-OH 
(CH,),CH-OCH, 
(CH,),CHCH,-H 
(CH,),C-H 
(CH,),;C-Cl 
(CH;),;C-Br . 
(CH;),C-I 
(CH,),C-OH 
(CH,),C-OCH, 
С,Н.СН,-Н 
СН,-СНСН,-Н 
СН,-СН-Н 
C,H,-H 
HC=C-H 
CH4-CH, 
CH,CH,-CH, 
СН.СН,СН,-СН, 
СН,СН,-СН,СН, 
(CH,),CH-CH, 
(CH,),C-CH, 
HO-H 

HOO-H 

HO-OH 


(CH3)3;CO—OC(CH3)s 


1 oq 
C;H5CO—OCCgH; 
СН,СН,О-ОСН, 
СН,СН,О-Н 


ї 
СН,С-Н 


kJ mol~! 


285 
222 
385 
337 
410 
381 
328 
264 
207 
379 
326 
356 
356 
452 
460 
523 
368 
356 
356 
343 
351 
335 
498 
377 
213 
157 


139 
184 
431 


364 


161 
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SPECIAL TOPIC 
Chain-Growth Polymers 


АЛ 


AJ 


А.З 


Head-to-tail polymerization leads to a more stable radical on the growing polymer chain. 
In head-to-tail coupling, the radical is 2° (actually 2? benzylic, and as we shall see in 
Section 15.12A this makes it even more stable). In head-to-head coupling, the radical is 1°. 


C 
CH,=CH 
Pm OCH 
(a) Re + cuiu ——» Ё-СН-СНӨЄ ————» 
(from H, Н, 
initiator) Monomer 
| с 
CH,=CH 
OCH, 
R-CH;-CH-CH;-CH* ————Ó» ес. 
OCH,  OCH, 
C 
(b Re + ca бај, —» R-CH-CCL; сс к= 
(from Monomer 
initiator) 
cad 
CH,=CCl, 


R-CH;-CCL-CH;-CCM ——— PC» etc. 


In the cationic polymerization of isobutylene (see text), the growing polymer chain has a 
stable 3? carbocation at the end. In the cationic polymerization of ethene, for example, the 
intermediates would be much less stable 1? cations. 


ge Y^ om> ек. 
H' + CH=CH, — снсн/ ———> CH,CH,CH,CH;,, 09 
1? Carbocation 


With vinyl chloride and acrylonitrile, the cations at the end of the growing chain would 
be destabilized by electron-withdrawing groups. 


м CH,—CHCI etc. 
н + CH=CH —> oct — — — СН,СНСН,СН"? — > 
Y | + + 
Cl Cl СІ СІ 
E < ¥  CH,SCHCN 


etc. 

Ht + d — cHcH — — > CH,CHCH,CH* — > 
Y Y Y 
CN CN CN CN 
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AA | CN 
CH,=C 
CN CN CO,CH, 
HO + снес —> HO-CH,C E 
CO,CH, CO,CH, 
qN 
CH =C 
D 2 Сосн, 
HO-CH;-C—CH;-C: ———————————Љ еіс. 


O,CH, CO,CH, 


(Ph = C,H.) 


(Ph = C,H.) 


Isotactic polystyrene 
(Ph = СН.) 


(b) The solution of isotactic polystyrene. 
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SOLUTIONS TO PROBLEMS 


11.1 These names mix two systems of nomenclature (radicofunctional and substitutive; see 
Section 4.3F). The proper names are: isopropyl alcohol (radicofunctional) or 2-propanol 
(substitutive), and tert-butyl alcohol (radicofunctional) and 2-methyl-2-propanol (substi- 
tutive). Names with mixed systems of nomenclature should not be used. 


u2 @ “он X bd 
H 


1-Propanol 2-Propanol Methoxyethane 
(Propyl alcohol) (Isopropyl alcohol) (Ethyl methyl ether) 


H | 
wo ОТУ О Чан bd. "a |= 


1-Butanol 2-Methyl-1-propanol 2-Butano] 2-Methyl-2-propanol 
(Butyl alcohol) (Isobutyl alcohol) (sec-Butyl alcohol) (tert-Butyl alcohol) 


GOR T a S Y 


~ 


1-Methoxypropane Ethoxyethane 2-Methoxypropane 
(Methyl propyl ether) (Diethyl ether) (Isopropyl methyl ether) 


11.3 The presence of two — OH groups in each molecule of 1,2-propanediol and 1,3-propane- 
diol allows their molecules to form more hydrogen bonds. Greater hydrogen-bond for- 
mation means that the molecules of 1,2-propanediol and 1,3-propanediol are more highly 
associated, and, consequently, their boiling points are higher. 


св, бн 
114 (a) CH,CH,OH (b) CH,CHCH, | (c) CHC-OH | (d)CH,GCH;CH, 
OH CH, OH 


166 
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11.5 A rearrangement takes place. 


CH, CH, | 
сн &-сн&бн, +“ HSb-H ——> СН,-0-0Н-сн, "нае 
Ї | [-* shift 
CH, H CH, 
H 
PC an 
CH;-C—CH-CH, о у CH-C—CH-CH, >> 
CH, CH, CH, CH, 
OH 
CH-C—CH-CH, 
CH, CH,  2,3-Dimethyl-2-butanol 
(major product) 
CH, CH, CH, 
11.6 CH бсн НЕ(ОАС, > сн осин лс SS. сң—с—сн 
di i 2 ТНЕ-Н,О ; € CHQHgOAe = онт а 
| OH OH 
р) cH.CH=cH, 804% 5 си,снСН,НЕОА авн, сн,снсн 
(b CH,CH=CH, THF-H,O сары gOAc “Оно 31 3 
OH OH 
HO HgOAc OH 
сн.с=снсн, ОМ», синс-Снсн, DP, сн,ссн,сн 
о а 5 “THF-H,0 5 з он“ тз 
CH, CH, CH, 


О 
б - 
11.7 (a) ес * *HgOCCF, --Э с — C—C- 


5 9 | | 4 

gOCCF, HgOCCF, 
RO 
4 
HgOCCF, 
О 
B Hg(OCCF;) bs | мавн„он- 
= ——M — + 
(b) CB; CH, ТНЕ-СН,ОН ERG | НЕО demercuration 
solvomercuration OCH, 


CH, 
си ес, + Hg СЕСОО 
OCH, 
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THF: BH 
118 (a 3CH,CH,CH=CH, ————> (CH,CH,CH,CH,),B 


GL aei CH, 
(b 3СН-0-0Н, ———— (cH,CHCH,),B 


CH, 


THF: BH 

(с) 3 CHCH-CHCH, ———» (CH,CH,CH),B 

CH, H 

THF: BH, | | 
(4) 3 syn addition CH, + enantiomer 
anti Markovnikov = 
H 
T5 THF: BH (Hs 
11.9 CH,C=CHCH, ————» cu,cH —CH—;BH 
CH, 
Disiamylborane 
11.10 (a) СН,СН,СН,СН--СН oes CH,CH,CH,CH,CH,OH 
. a = 
i oie о H;0 ОН iC HN 
(1) THF: BH, 
b) CH,CH,CH,C—CH СН,СН,СН,СНСН,ОН 
2-Methyl-1-pentene 
OH 
(1) THF: BH; 
= H H 

(c) и CHCH, (2) H,0,, ОН a CHCH, 


CH, CH, 
3-Methyl-2-pentene 
OH 


1) THF: BH А 
2. 3 саве 


(d) CH,C- CHCH;CH, GEO. OH 


CH; CH; 
2-Methyl-2-pentene 


(1) THF: BH; CES . 
e еп оте 
(е) CH; оно, он > + ant r 
у H 
1-Methylcyclobutene OH 


THF:BH, CH,CO;D 
1111 (а) 3 CH,CHCH =CH, ———À» шиний > 


CH, CH, 
3 CH,CHCH,CH;D 


CH, 
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—p- 
F: BH. CH4CO;D 
(b) CH,C-CHCH, => CH,CH -Он-сн, ——À 
CH, CH, 
CH,CHCHDCH, 
CH, 
: CH 
(c) ФЕ THEE Qa * АЖ cnantiomen ЭСЭЭ, 
В- › 
CH, | 
H (+ enantiomer) 
D 
CH, D 
(d) THF: BD, CH, one 
В- (+ enantiomer) 
D | 
H 
CH, 
T (+ enantiomer) 


H 


11.12 (a) CH,CH,OH + NaNH, ——> CH,CH,ONa + NH, 
Stronger Stronger Weaker Weaker 
acid base base acid 


(b CH,CH,OH + НСЕСМа ——> CH,CH,ONa + HC=CH 


(c) CH,CH,OH +  NaOAc СН,СН,ОМа + HOAc 
Weaker Weaker Stronger Stronger 
acid base base acid 


11.13 Use an alcohol containing labeled oxygen. If all of the label appears in the sulfonate es- 
ter, then one can conclude that the alcohol С-О bond does not break during the reaction: 


R-—"O-H + Rsc > R—"O-SO;R' 
2 (-НСІ) 2 


PCI 
: —_ 
1114 (a) нс (Озон РОС, -HCD TOES 
с Н.С SO,OCH 
———— 
base (—НС1) 3 5 3 
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PCI, (CH,),CHCH,OH 
(ОН Орн (-POCL, —HCI) ОНО base ( HCl) 
СН,50,ОСН,СН(СН,), 
СН,50,01 (€ 
(c) 450; c (HC) CH4SO,OC(CH,), 
H, С. Н.С 
1115 (а) He -ОН + nc нис—07% 
Н;С, H.C, 
(R)-2-Butanol 
= НС inversion 7 CH; 
(D Ho + ҥ®с—От; EUN НОЕН + OTs 
НС, Сн, 
—I y 
( с ) H О Етте ў Tein 
H 
3 
cis-4-Methyl- ad Chioro-4- 
cyclohexanol methylcyclohexane 


11.16 (а) Tertiary alcohols react faster than secondary alcohols because they form more stable 
carbocations; that is, 3° rather than 2°: | 


3 a 
CH-C—0-H €> CH; + HO 
CH, H ELA 
E CH, 
CH-¢—Cl 
CH, 


(b) CH,OH reacts faster than 1° alcohols because it offers less hindrance to S42 attack. 


(Recall that CH,OH and 1? alcohols must react through an 5,2 mechanism.) 


— - 
11.17 | FIRE IO + HBr <— ПУНО + Br 
OH +ОН, 
flo 
CH, CH, Сн, 
Br 12 
-— — — 
єн енн СН,ССН,СН, hydride СН,СНСНСН, 
Br shift 
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11.19 


11.20 


11.21 
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CH, CH = CH, 
(a) CH;-C—O# -Ч» CH-c-Ón, ==» сн» оо? 
сн, сн, CH, 
CH, CH, 
CH-C—O-R => CH,-C-0-R 
CH, H CH, 


This reaction succeeds because a 3° carbocation is much more stable than a 1° car- 
bocation. Consequently, mixing the 1° alcohol and H,SO, does not lead to formation of 
appreciable amounts of a 1° carbocation. However, when the 3° alcohol is added, it is 
rapidly converted to а 3° carbocation, which then reacts with the 1° alcohol that is present 


in the mixture. 


CH CH 
Ї 3 [ATN | 3 8 
(a) (D СН,СНО Ма" + сн, — СН,СНО-СН, + L + № 
(1. = X, OSO,R, or OSO,OR) 
CH CH 
О 7 3 | 3 2 
(2) CHO + cH; C H-L —> СН,0-СНСН, + L 
(L = X, OSO,R, or OSO,OR) 


(b) Both methods involve 5,2 reactions. Therefore, method (1) is better because substi- 
tution takes place at an unhindered methyl carbon atom. In method (2) where substitution 
must take place at a relatively hindered secondary carbon atom, the reaction would be ac- 
companied by considerable elimination. 


Reaction of the alcohol with К and then of the resulting salt with C;H;Br does not break 

bonds to the stereocenter, and these reactions therefore occur with retention of configu- 

ration at the stereocenter. 

Reaction of the tosylate, су Hed with C;H,OH in K,CO, solution, however, 
OTs 

is an S42 reaction that takes place at the stereocenter and thus it occurs with inversion at 

the stereocenter. 


CH,—CH, pus А CH,—CH, CH;-CH, 
CI-CH, CH, < cicH, CH, ——> CH, CH, + Cl 
2 | 2 2 | 2 152272 2 
он :0:- о 

E + H,O 
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= Ра 
11.22 (а HO + HOCH;CH;Cl x HO + -б-сн^сн©с1 — 


О 
ry - 
Н,С-СН, +а 
(b) The -0: group must displace the СГ from the backside, 


OH in 
ОН” 542, 
H Н === H Н <= epoxide 
Cl 


Cl 


trans-2-Chlorocyclohexanol 


Backside attack is not possible with the cis isomer (below); therefore, it does not 
form an epoxide. 


H 
OH 
H 
Cl 
cis-2-Chlorocyclohexanol 
CH, CH, CH, 
1123 (9 mt -H снрс EH, CH-C—ÀÓR Hy, СН,-0-08 
H, H, H, H H, 


(b) The tert-butyl group is easily removed because, in acid, it is easily converted to a rel- 
atively stable, tertiary carbocation. 


CH, CH, CH, 
(c) СН;- о-в > сн б—ф- в —> сн; С° + НОВ 
H, бн, н бн, 
T» a ced а PEN: zi 
сн, н, 
H 7: 
2 ТМ 
1124 (ә) СНЊО—Саец + HE — Г + CH b—Concy —- 
\ ~ H \ 
CH,CH, CH,CH, 
p: 
ICH, + нос 
CH,CH, 
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Sy2 attack of I7 occurs at'the methyl carbon atom because it is less hindered; 
therefore, the bond between the sec-butyl group and the oxygen is not broken. 


(b) СН-О-С(СН), + Hl —> сн;-0-С(СН,), + I 


n " 


CH, _ 
CHOH + CH% -—> CHOI 
CH, CH, 


In this reaction the much more stable tert-butyl cation is produced. It then combines 
with I to form tert-butyl iodide. | 


1 
НА X cH, üH 
11.25 (а) HG СН; —> H,C~CH, ———X галыг 
о 9+ OH 
H 


Methyl Cellosolve 


(b) An analogous reaction yields ethyl cellosolve, HOCH,CH,OCH,CH,. 


I 
| 


I H,O 
(c) Н,С-СН, --» CH,CH, ——> HOCH,CH,I + ОН 
2 \ / 2 | 2 2 2 2 
ын 
NH;* 
:NH. 
(d) HG CH, — (неш ——> HOCH,CH,NH, 
О O^ 


OCH, 
CH;0- | CH,0H 


254 
О ОТ 


11.26 The reaction is an S,2 reaction, and thus nucleophilic attack takes place much more 
rapidly at the primary carbon atom than at the more hindered secondary carbon atom. 


CH а Зо» сн n e Major 
у? C8 CHO’. 31 3 product 
OH 
i. | hi 
FL o. 07. slow Mi 
CH,C—CH, + нон» CH,CCH,OH mor 
IN? CHO CHOH 31 Н; product 
OCH, | 
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11.27 Ethoxide ion attacks the epoxide ring at the primary carbon because it is less hindered, 
and the following reactions take place. 


в’ © 27) * 
CI-CH-CH—CH, + “осн, — > CIÍCHpCH-CHOCH, 
N о 5 |. 
О 
--» H,C—CH—CH,OCH, 
О 


H 
11.28 2 
—> “OH 
L ч "Ңң 
H,0° 
H 
3 “он 
О “ин 
OH © 
11.29 Ма СМ Ма’ СГ 
Aqueous 
=> 
Е < * phase 
RN'CI КМ СМ 
КС RN'CN- Organic 
4 «— n phase 
| (decane) 
CH,(CH,),CN CH,(CH,),Cl 


1130 (a) | 
coy ( баг 

| -" оо 
тм \_/ 12-Crown-4 


11.31 (a) 3,3-Dimethyl-1-butanol 
(b) 4-Penten-2-ol 
(c) 2-Methyl-1,4-butanediol 
(d) 2-Phenylethanol 
(e) 1-Methyl-2-cyclopenten-1-ol 
(f) cis-3-Methylcyclohexanol 
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HOCH,CH, 
HC, ИОН NM „он 
11.32 (а) с=с (b) E 
ч ~ HOCH, 
OH 
47 = 
(c) (d) 
OH H 
(e) CH,CH,C =CCHCH,OH (f) H,C—CH, 
а mE н, 
О 
(в) СН,СНСН,СН,СН, (һ) cu,cu,-o-{C)) 
ÓCH,CH, 
CH, CH 
(i) cH,CH —o—CHCH, G) CH,CH,—O—CH,CH,OH 
m THE: BH, 
11.33 (a) CH,CH,CH—CH, ео ration) (CH,CH,CH,CH,),B 
sr E СН,СН,СН,СН,ОН 
(oxidation) 


(b cHcHcH,cH ЭН» СН,СН,СН,СН,ОН 
CH4COK/(CHCOH 
су CH,CH,CHCH, СЭН > CH,CH,CH=CH, 
І 
НВг ОН: 
ое» CH;CH,CH,CHBr ——> CH,CH,CH,CH,OH 
= Н, = 
(d) CH,CH,C=CH NBD CH,CH,CH=CH, 
[as in (a)] 


---Э CH,CH,CH,CH,OH 


1134 (а) 3 CH,CH,CHCH, + РВ, ——* 3 CH,CH,CHCH, + НО; 


H Br 
PBr, (СН,,СОК 
(b) СН,СН,СН,СН,ОН ——- CH,CH,CH,CH,Br (CH,),COH 
2 HBr 
CH,CH,CH=CH, (no peroxides) CH,CH,CHCH, 
Br 
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11.35 


11.36 


(c) 


(d) 


(a) 


(b) 


(c) 


(d) 


(e) 


(a) 

(b) 
(c) 
(d) 
(e) 
(f) 


— 


(g 
(h) 
(i) 
0) 


See (b) above. 


H, HBr 
= = —О 
CH,CH,C=CH rg (pz СН.СН.СН=СН, ao peroxides) 
CH,CH,CHCH, 
Br 


OH Cl 
CY + SOCL --» CY + SO, + На 
Cl 
Q + HCl — CY 
Br 
CH 
3 HBr H, 
— 
(no peroxides) 
Qr 
B 


H 
H, H 1 
CD THE: BH, н; * enantiomer 
(2) H,0,,0H ` ЭН 
ОН 
r 
C CH,OH 
H, -ВиОК H, (1) THF: BH, H, 
„ван (2) H0, ОН“ 
СН,СН,СН,СН,ОМа Sodium butoxide 
CH,CH,CH,CH,OCH,CH,CH, Butyl propyl ether 


СН,5О,ОСН,СН,СН,СН, Butyl mesylate 
H,c—())-0, 0CH,CH,CH,CH, Butyl tosylate 
СН,ОСН,СН,СН,СН, 1-Methoxybutane 
СН,СН,СН,СНД Butyl iodide 
СН,СН,СН,СН,О Butyl chloride 
same as (g) 


CH,CH,CH,CH,OCH,CH,CH,CH, ^  Dibutylether 


CH,CH,CH,CH,Br Butyl bromide 
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(k) 
0) 


11.37 (a) 


(b) 


(g) 
(h) 
(i) 


0) 
(k) 
0) 


11.38 (a) 


(b) 


CH, 
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коры. Butyl fert-butyldimethylsilyl ether 


CH, 
СН,СН,СН,СН,ОН 
св, 
CH,CH,CHONa 
Je 
CH,CH,CHOCH,CH,CH, 
св, 
CH,SO,0CHCH,CH, 
H, 


1-Butanol 


Sodium sec-butoxide 


sec-Butyl propyl ether 


sec-Butyl mesylate 


нс-(С)-вооснснн, sec-Butyl tosylate 


CH 
CH,OCHCH,CH, 
CH,CHCH,CH, 
I 
CH,CHCH,CH, 
Cl 


same as (g) 


А; 


СН ненен, 
Вг 
CH; 
СН,СН,СНО--5Г-4С(СН,), 
Он, бн, 
СН,СН,СНСН, 
он 


СН,Вг « СН,СН,Вг 


СН, 
CHG —Br + CH,CH,Br 
CH, 


2-Methoxybutane 


sec-Butyl iodide 


sec-Butyl chloride 


mainly, trans-2-Butene 


sec-Butyl bromide 


sec-Butyl fert-butyldimethylsilyl ether 


2-Butanol 


(c) Br-CH,CH,CH,CH,—Br 


(d) Br-CH;CH,;-—Br (2 molar equivalents) 
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11.39 HC CH, H,C CH, Н.С сн, 


+ 
ОН НА О 2 ey H H; 
Н =» H T 


+ H,O 3° Carbocation 
is more stable 


11.40 (a) СН,-0-сн-сн, + THF:BH, — CH;-C-CH;-CH; ;B 


11.41 


11.42 


H, H, 
Н,О,, ОНТ, H,O 
HOOP OH HO > Сы сн; снон 
H, 
(1) THF: BH; 


(b) CH,CH,CH,CH,CH=CH, -суно, ондо?” CHsCH,CH,CH,CH,CH,OH 


2 (1) THE: BH, 
= — 
e (Qro CH, “0уно, OH, Ho СО)-овсвон 
(d) CH, J а THE BH, c + enantiomer | | 
-2 H0, OH,HO ^ НО,, OH, HO Эр | 


H H 
(a) ~ (b) p (9 H 
H, CH, H, 
H D D 
CH, " CH, 
r. 
(a) CH,CHCH, — > CH,CCH, 
heat, hr [ 
Br 
CH, А 
| | CH,CH,ONa E 
(b СН,ССН, “снснон” CH,C=CH, 
Br 
CH, CH, 


| 
(с) cH¢=cH, — P y cu,ducn,Br 


peroxides 
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CH, = CH, 
(4) CH,CHCH,Br =.» (СН,ОНСНД 


acetone 


CH, _ CH, 
OH [ 
(e) CH,CHCH,Br “но” CHsCHCH,OH 
2 
pou (1) (BH (Hs 
CH,C=CH, 32 СН,СНСН,ОН 
(2) H,0,,0H 
CH, H,0*, НО cn 
m 3-2» 
(Е) cud =CH, Lm СН,ССН, 
ОН 


CH, mM CH, 
a 
(в) CH,CHCH,Br DEA > CH,CHCH,OCH, 


(Hs CH Ls (Hs 0 
h) CH,CHCH,Br OM, cu CHCH occu, 
CH,COH 
CH, CH, 
: NaCN 
G) сн,Снсныы CN» CH,CHCH,CN 
(Hs CH,SN (Ha 
А а 1 
0) сн,бнсн,вг CS. сн,йнсн,5Сн, 
т СН, — CH, 
CH,C=CH, "onde CH,CHCH,SCH, 
> СВ (Hs 
(k) CH,C-CH, peroxides” CH,CCH,CBr, 
Br 
о СІ 
| HCl 5 
11.43 (а) CJ + HC-OOH — о —> + enantiomer 
"Чон 


(b) The trans product because the СГ attacks anti to the epoxide and an inversion of 
configuration occurs. 
Cl 


H H .. – 
. x | он Н 
H 


* enantiomer 
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aNH, 


CH, 


H 
CH,CH(CH,),Br т 


М 
11.44 HC=CH ih HC=CNa — —— —» CH,CH(CH,),C =CH 
№ 


ХОЧ CH, 


CH, 
> CH,CH(CH,),C=CNa 277797 у CH,CH(CH,),C=C(CH,),CH, 
B (CH; Na) 


lig. NH; 


Н, 
МВ (P-2) 


H, 
CH,CH(CH,),, 
C 


CH, 
1145 (a) CH,C=CH, 


сн, 
(b) CH,C=CH, 


бв, 
(с) CH,C=CH, 


CH, 


CH,CH(CH)), 


—d 


INA 
H O 


А СН 


CH,(CH,),Br 
С (Суб 
H, i 


(CH,),CH. 
ЭР” ин CHICO, 


н “н D CHa) 


(CH,),CH, 


H E (C840) 


CH 
(DTHE:BH; „ CH,CHCH,OH 
(2) Н,О,, ОН” 3 
(1) THE. ВН. as 
===> > 
(2) cHco, > CHCHCH,T 
CH, / CH, 
: CH,CO,T 
THE врз CHC -CHHB — CH,CCH;T 
D E D 
CH, 


CH,CH,Br 


| "T 
(d) CH,CHCH,OH №» CH,CHCH,ONa == 


11.46 (а) 


NaBH, 


CH, 
СН,СНСН,-0-СН,СН, 


Hg(OAc), 


СН,СН,СН,СН-СН, ===> Dan 


H 


оң? CHsCH,CH,CHCH, 


OH 


(1) Hg(OAc); 
= IL» 
(b) (с CH, (2) NaBH /ОН” 


OH 


OS 
OH 
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CH CH 
c : (1) Hg(OAc), n 
(с) СН,СН-ССН,СН, “оловнуон? CHsCH,CCH,CH, 


(2) NaBH /ОН” 
ОН 
(D Hg(OAc); CHCH, 
(d) CHOH, => 
(2) NaBH /OH OH 
„CH, «СН, * 
*11.47 (а) А = || + enantiomer В = ЕЈ. + enantiomer 
OH OTs 
"СН, 
C= [| + enantiomer 
"ЧОН 
(b) Diastereomers 
CH, 
(c) D= + enantiomer 
чи 
Н 
(4) Е- T 79м 
H 
=CH H, 
F= HC Ho g>" C=CH 
H H 
2 Pi 
(e) H = ӨНЕ бн Ј = CH,CH; Cong 
ONa OCH, 
Бас 213 
(f K= CHCH Crug L= СНОН; Семос, 
OMs 


(g) Enantiomers 
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*11.48 The reactions proceed through the formation of bromonium ions identical to those formed 
in the bromination of trans- and cis-2-butene (see Section 8.7A). 


zi CH, 

A "e — Ca 
Ну \ 

Н.С OH 


в! 
Нь, / 5 "СН; 
С a 


H,C” Jw 


Br 


*11.49 


BE CH, 


ну” = 


Н,С Br 


(Attack at the other carbon 
atom of the bromonium ion 
gives the same product.) 


meso-2,3-Dibromobutane 


Br H 
HBr хин, „но, 
УГАТ 
H,C OH, 
(a) Н.С т 
тэ ШД 
/ = CH. 
Br H 
Br H 
(b), — CH 
Н!" \ 
H,C Br 


(£)-2,3-Dibromobutane 


(CH), 


-50, 
(вн 
на 
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га H 
*11.50 R S 
HO OH 
achiral B 
H H H 
R S R S 
HO OH H OH 


A and B are enantiomers 

A, C, and D are all diastereomers 
B, C, and D are all diastereomers 
С is meso 

D is meso 


183 
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ALCOHOLS FROM CARBONYL 
COMPOUNDS: 
OXIDATION-REDUCTION AND 
ORGANOMETALLIC COMPOUNDS 


SOLUTIONS TO PROBLEMS 
H 3Н-3 
12.1 (а) Н-0-0-Н 10 =+1 
Н Total = -2 = oxidation state of C 
О 1 H = -1 
ко. 30-43 
Н c CAE Total 242 = oxidation state of C 
| 208 
=+ 
н-0-н Total= 0 = oxidation state of С 
о. Оо 
4 
(0) СН, СН,ОН H-Ü-H H-C-O-H CO, 
4 -2 0 +2 +4 


(c) A change from —2 to 0 
(d) An oxidation, since the oxidation state increases 


(e) A reduction from +6 to +3 


HH | 
(a) H-6-C-0H Hot —H 
(^ EN С = 

С N m mA 
3 H = -3 2 H=-2 3 H = 3 1 H = -1 
1C=0 1C= 0 1 С= 0 1C = 0 
Total = -3 10 541 Total = -3 2 0 =+2 

Total = -1 Total =+1 
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12.3 


(b) Only the carbon atom of the — СН,ОН group of ethanol undergoes a change in ox- 
idation state. The oxidation state of the carbon atom in the CH, — group remains un- 
changed. 


(c) H 


H The oxygen-bearing carbon atom increases its ox- 
idation state from +1 (in acetaldehyde) to +3 (in 


f ин \ acetic acid). 


MT > 
o 
g |o m 
нии 
> 
o» 
© 
Ш 
+ 
о 


(a) If we consider the hydrogenation of ethene as an example, we find that the oxidation 
state of carbon decreases. Thus, because the reaction involves the addition of hydrogen, 
it is both an addition reaction and a reduction. 


HH HH 

Н-0-0-н +H, => Н-0-0-н 
H H 

2H-2 3Н-34 

2C=0 1 C= 0 

Total = -2 Total = -3 


(b) The hydrogenation of acetaldehyde is not only an addition reaction, but it is also a 
reduction because the carbon atom of the C=O group goes from a+ 1 toa — 1 oxidation 
state. The reverse reaction (the dehydrogenation of ethanol) is not only an elimination re- 
action, but also an oxidation. 


| A а аа т ааа ааа E 


lon-Electron Half-Reaction Method for Balancing Organic 
Oxidation-Reduction Equations 


Rule 1 


Rule 2 


Only two simple rules are needed: 


Electrons (e~) together with protons (H*) are arbitrarily considered the reducing agents 
in the half-reaction for the reduction of the oxidizing agent. Ion charges are balanced by 
adding electrons to the left-hand side. (If the reaction is run in neutral or basic solution, 
add an equal number of OH- ions to both sides of the balanced half-reaction to neutral- 
ize the Н+, and show the resulting Н+ + ОН“ as H,O.) 


Water (Н,О) is arbitrarily taken as the formal source of oxygen for the oxidation of the 
organic compound, producing product, protons, and electrons on the right-hand side. 
(Again, use OH ~ to neutralize Н+ in the balanced half-reaction in neutral or basic media.) 
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EXAMPLE 2 
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Write a balanced equation for the oxidation of RCH,OH to RCO,H by Cr,O,?~ in acid 
solution. 


Reduction half-reaction: 


Cr,0,2- + Ht +e- — 2005 + 7H,O 


Balancing atoms and charges: 


Cr,0,2- + 14Н* + 6e- = 2005 + 7H,O 


Oxidation half-reaction: 
RCH,OH + H,O = ЕСОН + 4H* + 4e- 
The least common multiple of a 6-electron uptake in the reduction step and a 4-electron 


loss in the oxidation step is 12, so we multiply the first half-reaction by 2 and the second 
by 3, and add: 


3RCH,OH + ЗН,О + 2Cr,0,2- + 28H* = 3RCO,H + 12H* + 4CP* + 14H,O 
Canceling common terms, we get: 


3RCH,OH + 2С1,02- + 16H* = 3RCO,H + 40 + 11H,O 


This shows that the oxidation of 3 mol of a primary alcohol to a carboxylic acid requires 


2 mol of dichromate. 


Write a balanced equation for the oxidation of styrene to benzoate ion and carbonate ion 
by MnO, > in alkaline solution. 


Reduction: 
MnO, + 4H* + Зе“ = MnO, + 2H,0 (in acid) 


Since this reaction is carried out in basic solution, we must add 4 OH- to neutralize the 
4H* on the left side, and, of course, 4 ОН“ to the right side to maintain a balanced equa- 


_ tion. 


MnO,- + 4H* + 40H- + 3e- = MnO, + 2H,O + 40H- 


or, MnO,” + 2Н,0 + Зе“ = MnO, + 4 ОН“ 
Oxidation: 
ArCH=CH, + 5Н,0 = ArCO,~ + CO,?- + 13H* + 10e7 
We add 13 ОН” to each side to neutralize the Н+ on the right side, 
ArCH=CH, + 5H,O + 13 ОН“ = ArCO,~ + СО,2- + 13H,0 + 1027 
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The least common multiple is 30, so we multiply the reduction half-reaction by 10 and 
the oxidation half-reaction by 3 and add: | 


3ArCH-CH, + 39 ОН- + 10MnO,- + 20H,O = 3ArCO,- + 3СО2- + 
24H,0 + 10MnO, + 40 OH- 


Canceling: 
3ArCH=CH, + 10МпО,- = 3ArCO,- + 3CO,?~ 44Н,О + 10МпО, + ОН“ 


SAMPLE PROBLEMS 


Using the ion-electron half-reaction method, write balanced equations for the following 
oxidation reactions. 


(а) Cyclohexene + MnO,- +H+ -2-» HO,C(CH,),CO,H + Mn? + HO 


(b) Cyclopentene  MnO,- + H,O ©“ + cis-1,2-cyclopentanediol + MnO,+ OH- 


(c) Cyclopentanol+ HNO, “+ НО,С(СН,),СОН + NO, + H,O 
3 2 273 2 2 2 


(d) 1,2,3-Cyclohexanetriol + НЮ, £> OCH(CH,),CHO + HCO,H + HIO 
4 273 2 3 


SOLUTIONS TO SAMPLE PROBLEMS 


(a) Reduction: 


MnO, + 8H' +5e = Ми + 4НО 
Oxidation: 
| 49,0 = Сон + t4 
+ 2 = CO,H 8H 8e 
H 


The least common multiple is 40: 


8MnO, + 64H* + 40е = 8Mn?* + 32H,0 


COH , ; 
5 + 20H0 75 сон + WH + 40e 
2 


H 
Adding and canceling: 


H | ' CO,H 
: + вмао, + 24H' 7^5l сон + 8Mm* + 12H,0 


H 
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(b) Reduction: 
MnO, + 260 +3е = MnO, + 40H 


Oxidation: 


H 
(1 + 20H = + 2e 
OH 


The least common multiple is 6: 
2Мп0; + 4HO + бе = 2MnO, + ЗОН 


OH 
Ха Z REO + бе 
H 


Adding and cancelling: 


H 
3 CT + 2 Мп0; + 4H,O =3 СТ + 2MnO, + 20H 
OH 


(c) Reduction: 


HNO, + H +e = NO + HO 


Oxidation: 
OH 


Cy + 3H,0 = Ge + ан + ёс 
OH 


The least common multiple is 8: 
8HNO, + 8H' + 8e = 8NO, + 8H,0 
OH 


+ ЗНО = ын + ent + 5, 
2 O.H 8H 8e 
2 


Adding and cancelling: 


OH | одн 
+ 8HNO, = он + 8NO, + 59,0 
2 


(d) Reduction: 
НО, + 2H* + 2e = НО, + HO 
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Oxidation: 
HO. OH CHO о 
Ни + ЖО = ( + HC-OH + 4H* + 4e 
CHO 
H 
The least common multiple is 4: 
2HIO, + 4H* + 4e = 2HIO, + 2H 
HO.” он CHO © 
Нн + 80 = < + HC-OH + 4H' + ас 
CHO 
H 
Adding and cancelling: 
HO.” он CHO о 
Н + 2HIO, = < + HC-OH + 2НО, + но 
Е CHO 


124 (а) АН, 
(b) LiAlH, 
(c) NaBH, 


12.5 (a) (ON СтО,СГ (PCC)/CH,C1, 


(b KMnO, OH; H,0, heat; then НзО* 
(c) H,CrO,/acetone 
(d (1) O3 (2 Zn, HOAc 


5 (9 са 
12.6 (a) СН + H—OH — СН, + ШОН 
Stronger Stronger Weaker Weaker 
base acid acid base 

87 EN a 
(b) СН: +  H—OEt —> СН, + ПОЕ 
Stronger Stronger Weaker Weaker 
base acid acid base 
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OH 
| (1) ether | 
12.9 (a) (D CH,CCH,CH, + СН,Маї NH ale a 
4 
: CH, 
OH 
| | (1) ether | 
Q) CH,CCH, + CH,CH,Mghr yup CH,CCH,CH, 
4 
CH, 
OH 
| (1) ether | 
G) CH;CH,COCH,CH, + 2CH,Mgl -5 Na,” CH;CCH,CH; 
: 4 
СН, 
О ОН 
| (1) ether | 
(D (D СН,СН,ССН,СН, + CH,Mgl "QNH > енен онын 
4 
CH, 
OH 
| (1) ether 
0) CH,CH,CCH, + CH,CH,MgBr — — . CH,CH,CCH,CH, 
(2) NH, | 
CH; 
O OH 
| (1) ether | 
G) CH,COCH, + 2CH,CHMgBr ция CH,CH,CCH,CH, 
4 


CH, 
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О он 
| 1) eth 
с) (D CHCH + BrMgCHCH,CH, uc CH,CHCHCH,CH, 
3 
үн тз А 
CH, CH, 
Й (1) eth qH 
e 
(2) сњми + HCCHCH,CH, Up CH,CHCHCH,CH, 
3 
СН, ara 
CH СН,” 
О он 
(1) ether 
@ (1) CH, + CH,CH,CH.MEBr туун» 'CH,CH,CH, 
CH, 
1 | 1) ев Wo 
(2) (Osee, + CH,Mgl oa {О енене, 
E > CH, 
0 1)eth js | 
(з) CH, CH,CH,CH, + C,HjMgBr а (Сј-сањсњсн, 
: СН, 
" (1) ether 
(е) (D CH, COE + 2CH,MgBr “ухна” (CH9;COH 
4 
О (1) ether 
(2) СН; CH; + С,Н,МеВг мне” (C;H,COH 
О OMgBr 
PCC C.H;MgBr 
12.10 () CH,CH,CHOH сна» си,сн,(н “<> снсн,Снсд, 
OH 
но". І, 
“но” CH,CH,CHC,H, 
О 


| [9] 
(1) HCH, ether PCC | 
(b) C,H,MgBr "ong 7 HO CH,CHOH сне” сен 
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а 2 СИ Мрвг er. Au EE 
(c) CH,CH,COCH, — 3 C,H,CCH,CH, => C,H,CCH,CH, 
[from part (a)] H; d Н, 
О OMgBr 
C4H.MgB 
(4) СН,СНСН,ОН ЕСС» сн.снўн =“ сиснснсн 
3 2 CH,Cl, 3 ether 3 6°75 
H, cu, H, 
OH 
H40* і 
“но” СН,СНСНС,Н, 
Н, 


1211 (a) (CH,),CHCH,OH + (CH,),C=CH, 
(b) (CH,),CHCH,CN (c) (CH,),C=CH, 


(d) CH,CHCH,OCH, + (CH,),C=CH, | 


CH, 

OH OH 

(e) (CH,),CHCH,-C-CH, (f) (CH,),CHCH,CHCH, 
CH, 
OH 

(g) (CH,),CHCH,CCH,CH(CH,), (h) (СН/,СНСН,СН,СН,ОН 
СН, 

(i) (CH,),CHCH,CH,OH (j) (CH,),CHCH, 


(к) (CH,),CHCH, + CH,C=CLi 


OH 

12.12 (a) CH,CH, (b) CH,CH,D (с) C,H,CHCH,CH, 
OH OH OH 

(d) CH,-C- син, (е) C9H,-C-CH,CH, (0 CgHj-C-CH,CH, 
CH,CH, CH,CH, CH, 


OH 
(в) CH,CH, + CH,CH,C=C—CHCH, 


(h) CH,CH, + — 
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OH OH 
1 
1213 (a) (CH,),CHCHCH,CH,CH, (b) (CH,),CHCCH,CH,CH; 
CH, 
OH 
(c) CH,CH,CH, + CH,CH,CH,C =C-C-CH, (d) CH,CH,CH, 
CH, 
(e) CH,CH,CH,CH,CH=CH, (f сањн, (7) 
CH,CH,CH, CH, 
(8) = (h) CH,CH,CH,CH, 
н Нн 


Note: This variation of the Corey-Posner, Whitesides-House synthesis is stereo- 


specific. 
(1) CH,CH,CH,D 


12.14 (a) LiAIH, (d) 1) KMnO, ОН“, heat, (2) H4O* 
(р) NaBH, (e) PCC/CH,Cl, 
(c) LiAIH, | 


1215 (а) З(СН),СНОН + РВ —-> (CH,),CHBr + HjPO, 


(CH.,CHBr + Mg >  (CH,),CHMgBr 
372 372 


(6 OH 
| 1) ethe 
(CH,),CHMgBr + CH,CH огно” (CH,),CHCHCH, 
3 
d 0 (1) ether 
(b) (CH,),CHMgBr + HCH ——==> (CH,),CHCH,OH 
[from part (a)] (2) H; 
О 
IN (1) ether 
(c) (CH),CHMgBr + H,C—CH, уңу» (CH)CHCHICHOH 
[from part (a)] 3 
SOCL 
(CH,),CHCH,CH,C1 


Q OH 
И 1) eth 
(d) (CH,),CHMgBr + HOCH(CH), 22285» (CH,),CHCHCH(CH,), 


[from part (a)] (2) НО 
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(e) (CH,),CHMgBr + ро — > (CH,),CHD 
[from part (a)] 


(f) (CH,),CHBr + Li —9 (CH,,CHLi PL. ((CH,),CHI,CuLi 


(from part (а)] 


& (5 NY, 8 5- 
1216 (a) CH,:Li + HSCEC-CH(CH, --9» CH, + Li:C=CCH,CH, 


О C=CCH,CH, 
Sar 23 
(b) + Li:C=CCH,CH, --» 


HO, ,CzCCH,CH, 


EN Н 
HO, C-C 
CH,CH 
(с) 2-3 


Ма: Н 


(9) — 


CH,CH,C =C он ү CH,CH,C=C ом ү 


CH,CH,C=C_ OCH,CH, 
+ — OSO,CH, 


(e) CHOC, 
H 


(f) CH,CH,CHCH, 
SO,CH, 


сн,СН,“О80,СН, 
1---4---14» 
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(g CH,CH,CHCH, + Ма" “оёсн, --» CH,CH,CHCH, 
*OSO,CH, оссн, 
1 
+ Ма” OSO,CH, 
(в) СН,СН,СНСН, + CH,CH,OH 
OH 


PB 
1217 (a) CH,CH,CH,CH,CH,OH —-> CH,CH,CH,CH,CH,Br 


(CH,),COK 


(b) CH,CH,CH,CH,CH,Br -122---» CH,CH,CH,CH=CH, 
[from (a)] (CH,);COH | 
(1) Hg(OAc),/THF-H,O 
(c) CH,CH,CH,CH=CH, - CH,CH,CH,CHCH, 
(from (b)] (2) NaBH,/OH je 
H,CrO, 
(d СН,СН,СН,СНСН, “топ но» CHsCH,CH,CCH, 
[from (с)] OH О 
РВ 
(e) CH,CH,CH,CHCH, —=-> CH,CH,CH,CHCH, 
[from ()] OH Br о 
Mg 0) HCH 
(f CH,CH,CH,CH,CH,Br ——~> CH,CH,CH,CH,CH,MgBr —— —— 9 
[from (a)] Јо (2) B30 
CH,CH,CH,CH,CH,CH,OH 


о 
(1) HC— CH, 
(в) СН,СН,СН,СН,СН,МвВг — —  — —» СН,СН,СН,СН,СН,СН,СН,ОН 


[from (0) шаал 
РСС " 
(h) CH,CH,CH,CH,CHOH -снсү» CH,CH,CH,CH,CH 
à H,CiO, 
i) СН,СН,СН,СНСН, e. но” CH.CH,CH CH, 
[from (c)] OH О 


| (1) KMnO,, ОН", heat 9 
О 
0) CH,CH,CH,CH,CH,OH унд СН,СН,СН,СН,СОН 


Н,50, 
(к) (1) CH,CH,CH,CH,CH,OH дс» (CH,CH,CH,CH,CH,),0 


NaH 


(2) CH,CH,CH,CH,CH,OH [> CH,CH,CH,CH,CH,ONa 
CH,CH,CH,CH,CH,B: 


[from (a)] 
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1 Е Вг, 3 МаМН, 
(D CH,CH,CH,CH=CH, се CH,CH,CH,CHCH,Br а У 
[from (b)] Br 


CH,CH,CH,C=CNa Ё» cH,CH,CH,C=CH 
(m) CH,CH,CH,C=CH => — CH,CH,CH,C=CH, 
[from (1)] Br 


(n) CH,CH,CH,CH,CH,Br Eo? СН,СН,СН,СН,СНАА 
[from (a)] | 

(о) CH,CH,CH,CH,CHLi CL» (CH,CH,CH,CH,CH,),CuLi 
[from (n)] 


CH,CH,CH,CH,CH,Br 


т CH,(CH,),CH, 


| 
(р) CH,CH,CH,CH,CH,MgBr -S CHp COH от (91 y, CBSE еншш) 
3 2 2 


+ 
[from (0) >> он 
CH,(CH),G(CH);CH, . 
CH, 
CH;4MgB (1) CH Cod 
1218 (a) CH,CECH — > CH.C=CMgBr EL 
ether (—CH,) Q)NH, 


C,H,C=CC(OH\(CH;), 


(b) CgicocH, “> CH,CHCH, 
OH 
= H, = 
(c) СН.СЕСН ВР)“ C,H,CH=CH, 
(1) THE: BH, E 
=сн, LOU 
(d) C-HCH-CH, Gyo, он” CetlsCH,CHLOH 
А 
(1) РВг, (1) H,C—CH, 
a 
(e) CH&CHCHOH ма no? CHSCH,CHMgBr бунт 
С.Н.СН,СН,СН,СН,ОН 


(0 саснснон Нь снсноном S 


CH) 
C,H,CH,CH,OCH, 
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12.19 (a) Partial Analysis 


О OH О 
| : | 
сн,сНёсн, ==> CH,CHCHCH, => CH,CHCH 


H, H, 4 H, 
C,H,MgBr 
Synthesis 
"REN: он 
CH,CHCH,OH cuo CH,CHCH симе» но» CH,CHCHC,H, 
3 3 H, 
CH Br — 
611591 ESO 
(b) Partial Analysis 
СН,СН, 
CH,CH,CH,-¢-+CH,CH,CH, ===> 2CH,CH,CH,MgBr 
OH СН,СН, 
+ 
07 “ОСН, 
Synthesis 
PBr, Mg | 
CH,CH,CH,OH ——-»- CH;CH,CH,Br x95? СН,СН,СН,МаВг 
2 
n CH,CH, 
1) CH,CH,COCH 
oe 3» CH,CH,CH,CCH,CH,CH, 
(2) NH,* | 
OH 


(c) Partial Analysis 


CH, CH, 
С tec, == Qoo * HCCHCH, 
О 


OH 
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Synthesis 
OH PBr, Br Mg 
БО? 
не 1 H,0* 
CH,CHCHO CH бн CH, Ё 
[from (a)] | 


OMgBr 


Partial Analysis 


(Orco = (O) crcr on == CH,MgBr 
О 


Synthesis 


+ H,C—CH, 


(2) H0* 


о 
ÁN 
Mg () HC—CH, 
M» 
Qo за» Qo 
CH,CH,OH СС љ У сносно 
Н,СН,ОН "ono, 2 


Partial Analysis 


(CH,),CHCH,CH,CO,H ==> (CH,),CHCH;+CH,CH,OH ==> 


О 
(CH,),CHCH,MgBr + H,C—CH, 


Synthesis 


PB M 
(CH,),CHCH,OH =» (CH,),CHCH,Br duo (CH,),CHCH,MgBr 


О 
^N 
(1) H,C—CH, 
—_ => 


СН,),СНСН,СН,СН,ОН 
(2) H,0* (СНз), 21 


(CH,),CHCH,CH,CO,H 


(1) KMnO,. OH , heat 
а» 
(2) НО" 


199 
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(f) Partial Analysis 


OH 5 
[== == m + CH,CH,CH,MgBr 
Synthesis 

OH О (1)CH,CH,CH,MgBr H 
mi H;CrO, (f [from (b)] id Н,СН,СН, 
(2) МН, / 


(g) Partial Analysis 
CH,CH,CH,CCH,CH(CH;), => CH;CH,CH,CH +CH,CH(CH;), = 
OH 


О 
i 
CH,CH,CH,CH + BrMgCH,CH(CH,), 


Synthesis 
о (1) (CH,),CHCH,MgBr 


PCC Ц, [from (е)] 
СН,СН,СН,СН,ОН cuo," CH,CH,CH,CH оно" 
H,CrO, 
CH,CH,CH,CHCH,CH(CH,), — ===> CH,CH,CH,CCH,CH(CH;), 
H 0) 
(h) Partial Analysis 

Br ОН 

CH,CH,CCH;CH, ===> CH,CH;C +CH,CH, ===> 
C4H; CH, 

OH 


т | 
CH,CH,MgBr + СН,СН,СС,Н, ==> CH,CH,CH-CH, ===> 


| 
CH,CH,CH + C,H,MgBr 
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Synthesis 


PCC || (1) GH;MgBr [from (а)] 
——————————R 
CH,CH,CH,OH cuo?" CH,CH,CH (2) Н.О” 
OH 


| но, i 
СН,СН,СНС,Н, ——— » CH,CH,CCH, 


СН,СН,МеВ Е 


(1) PBr, 
ёНСЦОН. “омыр 
Br OH 
CH,CH,CCH,CH, «ŻE CH,CH,CCH,CH, 
Hs 685 


1220 Analysis 


Onn => er + ^^ 


CHBr + Mg CH=CHCH,CH, 
0 
+ RCOOH 


Synthesis B 
In 
сӊ=снснсн,‚ 008 > Quem, 
О (2) 0 
OH 


12.21 The starting compound is a cyclic ester. Addition of two molar equivalents of CH,MgI 
will (after acidification) furnish the desired product. 


О 
о (D2CH,Mg. Н.С OH 
LU NEG WP 
(2) NH,* H,C 
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1222 Analysis 


CH, CH, 
CH;—CH; +C==CH — cuen + Nat :C—CH 
H (0) 
Synthesis 
NaNH, (1) CH,CH lcu 2 
= Үг =С Ма === 4 > — 
HC=CH gj xg НОФСГМЄ ция CH;-CH; = 


12.23 The three- and four-membered rings are strained, and so they open on reaction with 
RMgX or RLi. THF possesses an essentially unstrained ring and hence is far more resis- 
tant to attack by an organometallic compound. 


0 OMgX 
1224 (a) RMgX + СН-0-0-0-СН, — | cH :-0-Сдн, 
R 
Q OMgX 
СНОМ | ЕМРХ - 
| R 
О OMgX . OH 
П RMgX NH 
321 — R-C-R — > R-C-R 
R R 
- О OMgX 
| Н.ОМ, 
(b) RMgX + Н-0-0-сн, — ten ae 
R 


О OMgX OH 
| RM + 
СЯ Eu H-C-R Bo, H-C-R 
R R 
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*12.25 Br Br 
(CH43),CSi(CH,);Cl | (1) Mg, ЕО 
— _> — у 
НО imidazole — 15 (2) - 


(3) H,0* 
OH OH 


с 
| Bu,N F 
a HO 


Before converting the reactant to a Grignard reagent it is first necessary to mask the al- 
cohol, such as by converting it to a tert-butyldimethylsilyl ether. After the Grignard re- 
action is over the protecting group is removed. 


*12.26 2-Phenylethanol, 1,2-diphenylethanol, and 1,1-diphenylethanol are distinct from di- 
phenylacetic acid and benzyl phenylacetate in that they do not have carbonyl groups. IR 
spectroscopy can be used to segregate these compounds into two groups according to 
those that do or do not exhibit carbonyl absorptions. 

ІН NMR can differentiate among all of the compounds. In the case of the alco- 
hols, in the 'H NMR spectrum of 2-phenylethanol there will be two triplets of equal in- 
tegral value, whereas for 1,2-diphenylethanol there will be a doublet and a triplet in a 
2:1 area ratio. The triplet will be downfield of the doublet. 1,1-Diphenylethanol will ex- 
hibit a singlet for the unsplit methyl hydrogens. | 


The broadband proton-decoupled C NMR spectrum of 2-phenylethanol should 


show 6 signals (assuming no overlap), four of which are in the chemical shift region for 
aromatic carbons. 1,2-Diphenylethanol should exhibit 10 signals (assuming no overlap), 
8 of which are in the aromatic region. 1,1-Diphenylethanol should show 6 signals (as- 
suming no overlap), four of which would be in the aromatic region. The DEPT ЗС NMR 
spectra would give direct evidence as to the number of attached hydrogens on each 
carbon. 

Regarding the carbonyl compounds, both diphenylacetic acid and benzyl 
2-phenylacetate will show carbonyl absorptions in the IR, but only the former will also 
have a hydroxyl absorption. The 'Н NMR spectrum of diphenylacetic acid should show 
a broad absorption for the carboxylic acid hydrogen and a sharp singlet for the unsplit 
hydrogen at C2. Their integral values should be the same, and approximately one tenth 
the integral value of the signals in the aromatic region. Benzyl phenylacetate will ex- 
hibit two singlets, one for each of the unsplit СН, groups. These signals will have an 
area ratio of 1:5 with respect to the signal for the 10 aromatic hydrogens. The broad- 
band ЇН decoupled ^C NMR spectrum for diphenylacetic acid should show four aro- 
matic carbon signals, whereas that for benzyl phenylacetate (assuming no overlapping 
signals) would show 10 signals in the aromatic carbon region. Aside from the carbonyl 
and aromatic carbon signals, benzyl phenylacetate would show two additional signals, 
whereas diphenylacetic acid would show only one. DEPT C NMR spectra for these 
two compounds would also distinguish them directly. 
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*12.27 


*12.28 


It makes it impossible to distinguish between aldehyde and ketone type sugars (aldoses 
and ketoses) that had been components of the saccharide. Also, because the R groups of 
these sugars contain stereocenters, reduction of the ketone carbonyl will be stereo- 
selective. This will complicate the determination of the ratio of sugars differing in con- 


figuration at C2. 


The IR indicates the presence of OH and absence of C=C and C=O. The MS indicates 
a molecular weight of 116 amu and confirms the presence of hydroxyl. The reaction data 
indicate X contains 2 protons per molecule that are acidic enough to react with a Grig- 
nard reagent, meaning two hydroxyl groups per molecule. (This analytical procedure, 
the Zerewitinoff determination, was routinely done before the advent of NMR.) 
Thus X has a partial structure like: 

СеН (ОН); with one ring, or 

С.Н.О(ОН), with two rings, or (less likely) 

C4H504(OH); with three rings. 
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T 
—— — 
СН «—— —— CH «—— —— 
з -Ht з — +H,0 CH; 
HC НС Н.С 2? Carbocation 
methanide 2, CH; -H* | СН, 
shift < +Ht 


H,C 


3° Carbocation 


(b) C7 “e вв —> CDS + Br 
then, Br 
Che > A 
5 "CI 
cr 


(c) The enantiomer of the product given would be formed in an equimolar amount via the 
following reaction: 


СГ. 
) „с 
. | 
Срє- Cy 
Br 


The trans-1, 2-dibromocyclopentane would be formed as a racemic form via the reaction 
of the bromonium ion with a bromide ion: 


„Вг Вг 
С». > Cl + С 
Br "Br 


Racemic trans-1,2-dibromocyclopentane 


206 
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And, trans-2-bromocyclopentanol (the bromohydrin) would be formed (as a racemic form) 
via the reaction of the bromonium ion with water. 


OH, OH, 
Ov 20 OC = 
Br "Br 
„ИЮН ОН 
CL OL 
Br ^ "Br 


Racemic trans-2-bromocyclopentanol 
(a) CHCl, (b) The cis isomer (с) CHCl 
This indicates that the bonds in BF; are geometrically arranged so as to cancel each oth- 


ers’ polarities in contrast to the case of NF3. This, together with other evidence, indi- 
cates that BF; has trigonal planar structure and МЕ has trigonal pyramidal structure. 


(а) sp 
(b) They are much smaller (60°) than the expected 109.5°. 


(c) That the bent bonds in cyclopropane, like compressed springs, contain stored en- | 


ergy that is available to assist in reactions that open the 3-membered ring. 


All of these differences can be explained by the contribution to the СН,-СНС1 molecule 
made by the following A and B resonance structures. 


Bo SCENA 
C=C у C—C 
Po эь? 
H Ch н © 
A B 


(a) Because of the contribution made to the hybrid by B, the C-Cl bond of CH,=CH-Cl 


has some double-bond character and is, therefore, shorter than the "pure" single bond of 


CH,CH,-Cl. 


(b) The contribution made to the hybrid by B imparts some single-bond character to the 


‘carbon-carbon double bond of CH,=CH-Cl, causing it to be longer than the “pure” double 
bond of СН,=СН,. 


(c) Electronegativity differences would cause a carbon-chlorine bond to be polarized as 
follows: 


t 5 
-ф--01 
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And this effect accounts, almost entirely, for the dipole moment of СН,СН,СІ. 


8 5 
CH,CH,—CI u = 2.05 D 
+—> 


With CH,=CH-Cl, however, the resonance contribution of B tends to oppose the polariza- 
tion of the C-C1 bond caused by electronegativity differences. That is, the resonance effect 
partially cancels the electronegativity effect, causing the dipole moment to be smaller. 

6 A= СН. (СН) ,;CH,C=CH 
В = СЊСН;), CH;C-—CNa 
С = CH;(CH)),,;CHsC=CCH2(CH2)6CHs 
Muscalure = CH,(CH)),,CH) BCH) СН, 


“хн 
Н Н 
7 HC, | С H,C CH, 
X d = 
/ \ / N 
H.C, CH, HC, CH; 
(E)-2,3-Diphenyl-2-butene (Z)-2,3-Diphenyl-2-butene 


Because catalytic hydrogenation is a syn addition, catalytic hydrogenation of the (Z) iso- 
mer would yield a meso compound. 


H.C CH, єн, єн; 
SM erm Л Н,С, me C aH Нь $ CH; 
2 
| mu LE 
HO “сн, HC, 97 Е УН Ни :”эС,Н, 
(Z) 18 
(by addition (by addition at 


at one face) the other face) 
A meso compound 


Syn addition of hydrogen to the (E) isomer would yield a racemic form: 
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H,C CH CH; CH, 
5 Mer 3 " HC, „ры Н. C,H, 
2 
| эм” Еа 
нс” “Сн, HC» ЕН Не :7WCH, 
(E) Ын CA, 
(by addition (by addition at 


at one face) the other face) 


Enantiomers - a racemic form 


From the molecular formula of A and of its hydrogenation product B, we can conclude 
that A has two rings and a double bond. (B has two rings.) 

From the product of strong oxidation with KMnO, and its stereochemistry (i.e., 
compound C), we can deduce the structure of A. 


(1) KMnO, OH", heat НО,С сон 
> - 
оно“ COH 
A 


CO;H 
meso-1,3-Cyclopentane- 
dicarboxylic acid 


Compound B is bicyclo[2.2.1]heptane and С is a glycol. 


А KMnO, OH у OH: H 


За” dilute OH 
С Н 


Notice that C is also a meso compound. 
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Ман СНА 
9 (а) CH,C=CH т CH,C=CNa —-> CH,C=CCH, 
P 3 


= H, 20 
(6) CH,C =CCH, WO (РУ e 


[from (a)] H H 

Li N Л 

(с) CHCECCH, “ун,” с=с 

[from (a)] H CH, 

(d) CH,C=CH => CH,CH—CH, y BrCH,CH —CH, 
Ni,B (P2) light 
25° 

+ 


Li Cul 
сна => CH — > (CH,),CuLi 
2 


CH,CH,CH—CH, 
or 


cH,Ce cH LOM у сн с=ссн Н: СН,СН--СНСН 
= = — > = 
3 (2) CH,Br 3 5 МВ (P2) 3 3. 


or (1) Na, liq. МН, 
Q) NH,Cl НЕ: 


СН.СН.СН--СН, EOK сң CH,CHCH 
за 72 tert-BuOH, 3 | 3 


heat Br 


was, CHsGHCH=CH, 
(e) CH,CH,CH=CH, -ссү» + Br (CH „СОК 
[from (d)] (Ион 
| CH,CH =CHCH,Br 


CH==CH—CH=CH, 


HB 
(f CH,CH,CH-CH, 55» CH,CH,CH,CH,Br 
[from (d)] 


HBr 
(g) CH,CH —CHCH, no peroxides CH CH CHCH; 


[from (b) or (c)] Br 


or 
CH,CH,CH=C НВг 
CH,CH-CH, no peroxides CH,CH,CHCH, 


[from (d)] Br 
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CH, 
Н.С Н Bow Š Н 
(h) vod Въ > (cf. Section 8.7) 
/ \ CC), 
H CH, (апі addition) ^ Bi" Е “ҰН 
[from (c)] CH, 
(2R, 3S) 
A meso compound 
CH, CH, 
Н.С = = 
(i) 229 и“. Bay dm чаг ан ан 
Pes CCI нг ы 
(anti addition) “Вг Ви ЕН 
и (b)] CH, CH, 
(2R, 3R) (28, 3S) 
A racemic form 
CH, 
Н.С, СН, Нь > “ОН 
Q с=с nct Р (cf. Section 8.10) 
/ (2) NaHSO; · ~o 
H M (syn addition) HP: H 
[from (b)] CH, 
or CH, 
HC Н П Нь 3 ОН 
| (1) RCOOH KO 
d наг (2) H,O*, heat E (cf. Section 11.19) 
CH, (anti addition) НУ 5: ОН 
[from (c)] CH, 
Н.С Вг 
() снс=сснә‚ Неве *ү (cf. Section 8.13) 
3 з  СНСОН 2-3 ' | 
H CH, 
Br 
| . 
10 СН,СНСН,СН, m CH,CCH,CH, (cf. Section 10.6) 
CH, CH, 
Br CH,CH,ON: 
ыпча 
(а) CH,CCH;CH, CH,CH,OH > CH, = CHCH, 
CH, heat бн, 
_ H,0* ie 
(b) CH,C=CHCH, “но” СН,ССН,СН, 
СН, СН, 
[from (a)] 
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OH 
1) THF: BH 
(c) CHG =CHCH, cuo. OT CH,CHCHCH, 
CH, id CH, 
[from (a)] 
Br lt 3 NaNH 
еа 
| CH, | 
= H,0* 2- 
CH,CHC=CNa -4-» CH,CHC=CH 
CH, CH, 
HBr 
e = r 
(e) CH,CHCH-CH, poor”  CHGHCH,CH,B 
CH, heat CH, 
Cl 
(f) СН,СНСН-СН, Mly CH,CHCHCH, 
CH, CH, 
на T 
(8) СН;С=СНСН, —> CH,CCH,CH, 
CH, CH, 
[from (а)] 
Nal 
(h) CH,CHCH,CH,Br tcn CH,CHCH, CHI 
CH, Sn? CH, 
[from (e)] 


ao 0 9 
ч) CH,Ç=CHCH, 3 CH,CCH, + CH,CH 


(2) Zn, HOAc 
CH, 
[from (a)] 
шо AN: 
: = 3 
0) CH,CHCH=CH, (2) Zn, НОАС CH,CH H + HCH 


CH, CH, 
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CH, CH,Cl CH 
11 CH,CCH,CH, ко» CH,CCH,CH, + CH,CCHCICH, 
CH, CH, CH, 
A B C 
св, 
+ CH,CCH,CH,CI 
p Cb 


B cannot undergo dehydrohalogenation because it has no B hydrogen; however, C and D 
can, as shown next. 


CH 
CH,CCHCICH, 
CH | 
с CH en Š> А 
(CH);COH СНЕ ~i 
CH | Е CH, 
CH,CCH,CH,C! 
p % 


CH CH, 
Z HCI сн, a 


CH, 
CH,CCH=CH, —> CHCH, --» cu —бисн, 


к Hs CH, CH, 
+ СТ + СТ 
Cl CH, CH 
—> СНО-ОНСН, --22--» сн,снінсн 
31 3 CH,CO,H 31 3 
к ©% с № 
Н,, Pt 
2 CH,CH,CH,CH, 
12 CH,C=CCH, 
No IR absorption in 
A 2200-2300 cm“! region. 
Н, | Ni,B (P-2) 
CH, 
HC, KH" (1) OsO, Hue ИО H 
c= 2)NaHSO, E. 
X 2 мин 
Н Н (syn hydroxylation) н” i "OH 
B C CH, 


(a meso compound) 
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13 The eliminations are anti eliminations, requiring an anti periplanar arrangement of the 


bromine atoms. 


Н.С d Ur %, seis 
3 Cu Co cg С ` + ІВг 
L) мез + У 
p" Br H Н.С H 
meso-2,3-Dibromobutane trans-2-Butene 
HC Ч уд Н, a 
3 Рубин 2 + IBr 
IN Pt CH, H,C CH, 
(28,38)-2,3-Dibromobutane cis-2-Butene 
ње ОР ср O05 
Сл C=C. + IBr 
Zp N", ¢ y 
Ino „Ві H H H 
(2R,3R)-2,3-Dibromobutane cis-2-Butene 
14 The eliminations are anti eliminations, requiring an anti periplanar arrangement of the 
—H and – Br. | 
C Е СВ: Bv, Н 
Hy 5 Cu Cog баве“ се 
: "ab \ — У 
EQ y СН, 5—6 СН, 
meso-1,2-Dibromo- (E) -1-Bromo-1,2- 
1,2-diphenylethane diphenylethene 
HC Ч ОР v, CIS 
9 Cu Ge H PS 
БА 6 7 v 
EQ y H HC, H 
(2R,3R)-1,2-Dibromo- (Z) -1-Bromo-1,2- 
1,2-diphenylethane diphenylethene 


(2S,3S)-1,2-Dibromo-1,2-diphenylethane will also give (Z)-1-bromo-1,2-diphenylethene 


in an anti elimination. 
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In all the following structures, notice that the large tert-butyl group is equatorial. 


I 
(а) И дењ 
H 373 


Br 
4 enantiomer 
as a racemic form 


H 
(b) C(CH,) 
УД Zn 33 
H 


+ enantiomer 
as a racemic form 


H 
(c) И е ) 
H 373 


ОН 
+ enantiomer 
as a racemic form 


H 
(d) ¥ : 7 C(CH,) 
OH 33 
H 


+ enantiomer 
as a racemic form 


H 

(e) их C(CH;), 
H 

0 / “2 өөө 

H 373 


Br 
+ enantiomer 
as a racemic form 


а 


(bromine addition is anti; cf. 
Section 8.7) 


(syn hydroxylation; cf. Section 8.10) 


(anti hydroxylation; cf. Section 11.19) 


(syn and anti Markovnikov addition | 
of —H and —ОН; cf. Section 11.7) 


(Markovnikov addition of —H and 
—OH; cf. Section 11.4) 


(anti addition of —Вг and -ОН, with —Br and 
—OH placement resulting from the more 
stable partial carbocation in the intermediate 
bromonium ion; cf. Section 8.8) 
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16 


17 


1 


(g) C(CH4), (anti addition of — апа СІ, following 
H 


Markovnikov's rule; cf. Section 8.2) 


I 


4 enantiomer 
as a racemic form 


б о? 
(h) BUCH), C(CH,), 


(i) C(CH,), (syn addition of deuterium; 
D cf. Section 7.14) 
H 


4 enantiomer 
as a racemic form 


(3) С(СН.), (syn, anti Markovnikov addition of —D and 
T dd , with -8- being replaced by -T 


H where it stands; cf. Section 11.7) 
+ enantiomer 
as a racemic form 


CH CH CH, 
А = CH,C=CHCH,CH, В = CH,CHCH BH C= CH,CHCHCH,CH, 
CH, | OH 


CH, 


(a) The following products are diastereomers. They would have different boiling points 
and would be in separate fractions. Each fraction would be optically active. 


ln Е НС, Вт HC p 
Г2 
„ сс” we Comp + ни CHI 
H,CH,C CH=CH, H,CH,C CH,Br H,CH,C H 
(R)-3-Methyl-1-pentene (optically active) (optically active) 
У 
Diastereomers 
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(b) Only one product is formed. It is achiral, and, therefore, it would not be optically 
active. 


CH, H, 
Jom d 


H Pt 
ncm CH=CH, HcH CHCH, 


(optically inactive) 


(c) Two diastereomeric products are formed. Two fractions would be obtained. Each 
fraction would be optically active. 


15 (1) 080, H,C pe I pH 
он (2) NaHSO, н Семин * Hf "CHOH 
H,CH,C CH=CH, H,CH,C CH,OH Н,СН,С H 
(optically active) (optically active) 
Diastereomers 


(d) One optically active compound is produced. 


| сн, сн, 
| (1) THF: BH, 
HN (2) Н,О,ОН” HISS 
H,CH,C CH=CH, | HCH, CH,CH,OH 


(optically active) 


(e) Two diastereomeric products are formed. Two fractions would be obtained. Each frac- 
tion would be optically active. 


в (1) Hg(OAc), ,THE-H,O 
н. (2) NaBH, ОН” 
Hoc СН ње он HC он 
нөС-Сөн + Coc, 
H,CH,C CH,  H,CH,C H 
(optically active) (optically active) 


Diastereomers 
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(f) Two diastereomeric products are formed. Two fractions would be obtained. Each frac- 
tion would be optically active. 


о 
| 
COH 
oq 
CH, (1) ОО”? 2 
УЫ— 
Ни!" N Q) Н.О*, H,O 
H,CH,c CH=CH, нс он нс он 
ну" Сен + He "CHOH Я 
H,CH,C СН,ОН Н,СН,С Н 
(optically active) (optically active) 
Diastereomers 
18 
Zn 
+ 
HOAc 
enantiomer enantiomer (a meso compound) 
A B С 
СН, 
CH,CH,ONa H, 
CH,CH,OH Pt 
CH, 
D 
(1) О, 
(2) Zn, HOAc 
CH, 
О 
О 


сн, 
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1 
С)-Ф m/z 120 = Mt : 
\ 105 = Mt — 15(CH, -) = С;Н; — CHCH, 


CH 
3 77 = Mt - 43(i-Pr -) = C,H, + 
ô 7.2—7.6 5 ring protons 
2.95 CH of isopropyl group 
1.29 equivalent СНзѕ of isopropyl group 


20 C5H 90 has IHD = 2 
IR absorption indicates C—O 
13C NMR spectrum for X is consistent with structure 


| 
CH,—CH—C—CH, 


CH, 

я (а) H H H H H H H Cl 
H H H а CI Cl H H 
Cl C) CI H H H Cl Cl 

ci Cl аа Cl CI Cl Cl H 
all cis 1-trans 1,4-trans 4 1,3-trans 
meso meso meso meso 
Cl 1 Cl 1 Cl H Cl 
H H H Cl H СІ СІ Н 
СІ а Cl H Cl H H Cl 
ci Cl cl Cl CI H H Cl 
1,2-trans 6 1,2,3-trans 7 8 
meso meso ———n 
1,2,4-trans 
Enantiomers 
H 1 
Cl H 
Cl 
Cl H 
9 1,3,5-trans 
meso 
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(b) Isomer9 is slow to react in an E2 reaction because in its more stable conformation (see 
following structure) all the chlorine atoms are equatorial and an anti periplanar transition 
state cannot be achieved. All other isomers 1-8 can have a — Cl axial and thus achieve an 
anti periplanar transition state. 


H H 
CI H - 
Cl 
Cl | Cl 
Cl H 
H H 
9 
CH, CH, 
22 (ә CH,CHCH,CH, hy НЫ СНЕ | ЕСН,ь.2 ан 
+ 
CH, сн, бн, 
H H 
1 2 i 
——9—9n( 
Enantiomers 
(obtained in one fraction as an 
optically inactive racemic form) 
CH, CH, 
F CH,CH CH,CH 
+ CH,CCH,CH, + Иса + Емин + CH,CHCH,CH,F 
CH 
3 du, du, CH, 
3 4 5 6 
| —— Á—À 


(achiral and, therefore, . (achiral and, therefore, 
optically inactive) . Enantiomers. optically inactive) 
(obtained in one fraction as an 
optically inactive racemic form) 


(b) Four fractions. The enantiomeric pairs would not be separated by fractional distilla- 
tion because enantiomers have the same boiling points. 
(c) All of the fractions would be optically inactive. 


(d) The fraction containing 1 and 2 and the fraction containing 4 and 5. 
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з CH, CHF CH, 
КН Юу Fei aH + Fa C шар 

. by by 

bu, | 08 1 CH 


(R)-2-Fluorobutane (optically active) (achiral and, therefore, 
optically inactive) 


(optically active) meso compound (optically active) 
(optically inactive) 


(b) Five. Compounds 3 and 4 are diastereomers. All others are constitutional isomers of 
each other. 


(c) See above. 


24 
H,CH,C CH;CH, 
if А H H 
Н.С" "CH 
a 222 Y 3 H,CH,C. Гоу) СНС, 
i qt" ! "ир 
(R) | (5) ву EC пон Ch (у, 
meso meso 


Each of the two structures just given has a plane of symmetry (indicated by the dashed line), 
and, therefore, each is a meso compound. The two structures are not superposable one on 
the other; therefore, they represent molecules of different compounds and are diastere- 
omers. 
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25  Onlyaproton or deuteron anti to the bromine can be eliminated; that is, the two groups un- 
dergoing elimination (H and Br or D and Br) must lie in an anti periplanar arrangement. The 
two conformations of erythro-2-bromobutane-3-d in which a proton or deuteron is anti peri- 
planar to the bromine are I and П. 


HC С Br H.C CH 
= E 3 3 
Dee Саар M. у=“ 
баяны 2-2 У 4 по b 
C,H,O I 
H Cpr H CH 
= -DB : 
ав cH mE = 
"a i : Н,С Н 
CHO 
II 


Conformation I can undergo loss of HBr to yield cis-2-butene-2-d. Conformation II can un- 
dergo loss of DBr to yield trans-2-butene. 
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SOLUTIONS TO PROBLEMS 


4 
131 (a) "CH,—CHCH,X and CH=CH—CH,X 


(b) The reaction proceeds through the resonance-stabilized radical. 


• • 5» 
"CH—CH-CH, <—> “CH CH=CH, ог  "CH;—CH-——CH, 


Thus, attack on X, can occur by the carbon atom at either end of the chain since these 
atoms are equivalent. | 


(c) 50:50 because attack at the two ends of the chain is equally probable. 


2 2 2 
4 3 EN 4 3 gry. 1 4 3 Z0 sa 

13.2 (a) CH;—CH CH, <> CH;—CH CH, or CH;—CH CH, 
* p E ` S p ё 


(b) We know that the allylic cation is almost as stable as a tertiary carbocation. Here 
we find not only the resonance stabilization of an allylic cation but also the additional 
stabilization that arises from contributor D in which the plus charge is on a secondary 
carbon atom. 


Cl 

(c) CH,-CH—cH-CH, and CH;-CH—CH—CH;-Cl, because the Cl will attack 
the chain at the two positive centers shown in structure F. 
CH, CH, 
| " : 
133 (à СНЕС-СН, < cH,-C=CH, 
(b СНЕСН-СН-СН=СН, < *CH;-CH=CH—CH=CH, <—> 
+ 
CH=CH—CH=CH—¢H, 


223 
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(d) <> 


-0-0-0 
сз СО 12 


(е) CHCH-CH-CH-ÓH 4-9» cCH,cH-CH-CH-ÜH <—> 


СН,СН-СН-СН-ОН 
(f СНЕСН-Ви <—> iCH;-CH-Br: 
| сну CH; CH, CH, CH, 
(в) <> <> <> <> e 
+ + 


? : :О: 
(h) :CH-C-CH, <> cH=¢-cH, 


(i) CH;-$-CH; <>  CH;-$-CH, 


| + pu + yos 2+ y» | 
ф CHN <> сном <-> CHEN 
s `o, Oe 
Ps (minor) "7 
CH, 


| 
13.4 (a) CH,CH,C—CH-CH, because the positive charge is on a tertiary carbon atom 
+ 


rather than a primary one (rule 8). 
CH, 


+ 
(b) because the positive charge is on a secondary carbon atom rather than a 


primary one (rule 8). 


(c) CH;=N(CH,), because all atoms have a complete octet (rule 8b), and there are 
more covalent bonds (rule 8a). 


M 
(4) CH;-C—OH because it has no charge separation (rule 8c). 


(e) CH;=CHCHCH=CH, because the radical is on a secondary carbon atom rather 


than a primary one (rule 8). 


(f) :NH;-C=N: because it has no charge separation (rule 8c). 
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In resonance structures, the positions of the nuclei must remain the same for all struc- 
tures (rule 2). The keto and enol forms shown differ not only in the positions of their 
electrons, but also in the position of one of the hydrogen atoms. In the enol form, it is 
attached to an oxygen atom; in the keto form, it has been moved so that it is attached 
to a carbon atom. 


(a) cis-1,3-Pentadiene, trans,trans-2,4-hexadiene, cis, trans-2,4-hexadiene, and 1,3- 
cyclohexadiene are conjugated dienes. 


(b) L4-Cyclohexadiene and 1,4-pentadiene are isolated dienes. 


(c) 1-Penten-4-yne is an isolated enyne. 


The formula, СеНа, tells us that A and B have six hydrogen atoms less than an alkane. 
This unsaturation may be due to three double bonds, one triple bond and one double 
bond, or combinations of two double bonds and a ring, or one triple bond and a ring. 
Since both A and B react with 2 mol of H; to yield cyclohexane, they are either cyclo- 
hexyne or cyclohexadienes. The absorption maximum of 256 nm for A tells us that it is 
conjugated. Compound B, with no absorption maximum beyond 200 nm, possesses iso- 
lated double bonds. We can rule out cyclohexyne because of ring strain caused by the 
requirement of linearity of the —C=C— system. Therefore, A is 1,3-cyclohexadiene; 
B is 1,4-cyclohexadiene. 


All three compounds have an unbranched five-carbon chain, because the product of hy- 
drogenation is unbranched pentane. The formula, С;Н,, suggests that they have one dou- 
ble bond and one triple bond. Compounds D, E, and F must differ, therefore, in the way 
the multiple bonds are distributed in the chain. Compounds E and F have a terminal 
—C=CH [IR absorption at ~3300 cm ||. The UV absorption maximum near 230 nm 
for D and E suggests that in these compounds, the multiple bonds are conjugated. The 
structures are 


CH,—C=C—CH=CH, HC=C—CH=CH—CH, HC=C—CH,;—CH=CH, 
D E F 


(a) Recall that 1,2 and 1,4 addition refer to the conjugated system itself and not the 
entire carbon chain. CHCH CHCH =CHCH, and CH,CH,CH SCHCHCH, 


Cl Cl 
(b) The most stable cation is a hybrid of equivalent forms: 
CH,CHCH-CHCH, <» CH,CH=CHCHCH, 
Thus, 1,4 and 1,2 addition yield the same product. 
CH,CHCH =CHCH, 
Cl 
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13.10 Addition of the proton gives the resonance hybrid. 


а) CH-CH-CH=CH, <> CH;CH=CH-CH, 
I п 


The inductive effect of the methyl group in I stabilizes the positive charge on the adjacent car- 
bon. Such stabilization of the positive charge does not occur in II. Because I contributes more 
heavily to the resonance hybrid than does II, C2 bears a greater positive charge and reacts faster 


with the bromide ion. 


(b) In the 1,4-addition product, the double bond is more highly substituted than in the 1,2- 


addition product; hence it is the more stable alkene. 


13.11 (а), (с) H 
1 | 
(b) л- EN Ё 


interaction Endo adduct 
occurs here. 


13.12 (а) 


(b) 


(major product) (minor product) 


13.13 Use the trans diester because the stereochemistry is retained in the adduct. 


ї 
H, „СОСН, 
+ i 
CHOC `H 
O 
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Ox 0 CH, 
13.14 O + | 
02 OCH, 
СН. „О 
сн, 
(dienophile 
underneath the CO,H 


plane of the diene) 


CH, 

(dienophile 
СОН above the 

plane of the diene) 


(Or, in each case, the other face of the dienophile could present itself to the diene, re- 
sulting in the respective enantiomer.) 


(СНз) СОК 


13.16 (а) BrCH,CH,CH,CH,Br (CHj,COH 


CH=CH—CH=CH, 


concd H,SO, 
— —CH-CH- 
(b) HOCH,CH,CH,CH,OH Tem CH=CH —CH=CH,, 


concd H,SO, 
= m E > == — = 
(c) CH=CH—CH,CH;-OH heat CH=CH—CH=CH, 


(СН//СОК 


d) CH-CH-CH,CH7-CI 
Jo Ur о (CH,),COH 


СНЕСН-СН=СН, 


(CH,),;COK 
(е) CHECH-CH-CH, — — » CH=CH-CH=CH, 
| (CH,);COH 
Cl 
concd. H,SO, 


(f) CHECH-CH-CH, — а У CHz-CH-CH-CH, 


heat 
OH 
Е МВ (P-2).. 
(p снесн-с=сн + н, “> сньСН-СН-СН, 
1347 | CH=C—C=CH, 
H, CH, 
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13.18 (à  CI—CH,CHCH-CH, + CI-CH;-CH-CH-CRH;-CI 
1 


(b CH;-CH-CH-CH, (c) CH; CH-CH-CH, 
1 e ] à r Br Br г 


(d) CH;-CH,—CH,—CH, 
(e) CI-CHj-CH-CH-CH, + CI-CH;-CH-CH-CH;-0H 
OH 
[+CICH,CHCH —CH, + CICH,CH -CHCH;CI ] 
CI 


(f) 4CO, (Note: KMnO, oxidizes НО,С-СО,Н to 2 CO,) 


(6) CH;-CH-CH-CH, + CH;-CH-CH-CH;-0H 


OH 
Е. 
HC^ N еса pe 
13.19 (a) СНЕСН-СН-СН, + | гэн ——» CH=CH-CH-CH, 
HC 
7- 
(NBS) О + CH;-CH=CH-CH, 
Br 
С СОК 
шэн CH,=CH—CH=CH, 
(CH,),COH 


Note: Inthe second step, both allylic halides undergo elimination of HBr to yield 1,3- 
butadiene; therefore, separating the mixture produced in the first step is unnec- 
essary. The BrCH,CH=CHCH, undergoes a 1,4 elimination (the opposite of a 
1,4 addition). 


Br 
cc 
(b CH=CH-CH-CH;-CH, + NBS £% CH=CH-CH—CH;-CH, 


CH;-CH—CH-CH;-CH ОНА CH=CH—CH=CH—CH 

— I - — = = = = 

M i 2 735 | (CH44COH E 3 
r $ 


Here again both products undergo elimination of HBr to yield 1,3-pentadiene. 
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concd H,SO, [as in (a)] 


—————— = 
(c) CH,CH,CH,CH,OH - CH,CH=CHCH, 


(+ CH,CH,CH=CH,) 


CH-CH=CH-CH, <=- CH =CH-CH=CH, 
Br Br 
сс, 


(d) СН-СН-СН-СН, + NBS --Э» CH;-CH-CH-CH,Br 
+ CH=CH-CHBr—CH, 


Br 
light, (CH,),COK S C3 
(е) O TO heat CS (ciocon* = 
(excess) 
Br 


{CH COR =. 
(f) (CH),COH (ame as ) 


в-0-0-в8 My 2К-О0 
or light 


R-Ó* + H—Br ——> вон + “Вг: 


CH=CH-CH=CH, + Br: —> (весн-бн-єн, <-> бир сносн-си, 


Вг Вг 
HBr РА 
> CHz-CH-CH-CH, * CH;-CH=CH-CH, + Br: 
H Br H Br 
(E and Z) 
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1321 


13.22 


13.23 


Various IR, ІН NMR, ?C NMR, and MS features could be used to differentiate the 
members of any of these pairs. IR absorptions can be used to indicate whether double 
or triple bonds are present in a given molecule, or whether a hydroxyl group or halogen 
is present. Chemical shifts in the proton and carbon NMR spectra indicated can also be 
used to indicate the hybridization state of carbon atoms. The number of signals in the 
proton or carbon NMR spectrum for a given compound can suggest whether there is 
symmetry to the structure or not. Splitting patterns in the proton spectra can give de- 
tailed information about the connectivity of atoms. Mass spectra will indicate molecu- 
lar weight differences when the molecular ions are present. Fragmentation patterns can 
indicate specific aspects of molecular structure characteristic to one member of a pair 
or another. UV would distinguish members of a pair where one is conjugated and the 
other is not. Consult tables with representative spectral information to predict specific 
aspects of the spectra for each compound. 


(a) Because a highly resonance-stabilized radical is formed: 
CH=CH-CH-CH=CH, <-> CH;=CH-CH=CH—CH, <> 
CH;-CH-CH-CH-CH, 
(b) Because the carbanion is more stable: 
CH=CH-CH-CH=CH, <-> CH=CH-CH=CH—CH, <> 
CH;-CH-CH-CH-CH, 


That is, we can write more reasonance structures of nearly equal energies. 


CH, Эн СН, СН, 
CH=C-CH=CH, СН-0-СН-СН, <> cH;-C=cH-cH,| 1 
+ + 


CH, CH, 
сн -CH-CH, «-» сн-С -CH-CH,| П 
- - 


The resonance hybrid, I, has the positive charge, in part, on the tertiary carbon atom; in 
II, the positive charge is on primary and secondary carbon atoms only. Therefore, hybrid 
I is more stable and will be the intermediate carbocation. A 1,4 addition to I gives 


CH, | 
СН,-0-СН-СН/ С1 
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О О 
1324 @ д Н, „©-н (D нс хун, HY, „Сосн, 
ар 662: 
H^ ^H H,C^ “CH, H^ “COCH, 
Ó 
9 
(c) нс „н, у н СОСН, (d) : I 5 1 
| 2 A 
D E о 
Ó H^ "CH, H^ № 
О 
(е) 2 H, CZ CN (f) Н.Н 
429 Сә +7 
H^ ^H H^ “сосн, 
O 


13.25 


13.26 


13.27 


13.28 


Neither compound can assume the s-cis conformation. 1,3-Butadiyne is linear, and 


( eo is held in an s-trans conformation by the requirements of the ring. 


О 
| 


(а) СОСН, (b) CF, 
$ = | СЕ, 
O 


H. JH 
== C^ 
Cm • К — (8 
= нэн 


The endo adduct is less stable than the exo, but is produced at a faster rate at 25°C. At 
90*C the Diels-Alder reaction becomes reversible; an equilibrium is established, and the 
more stable exo adduct predominates. 
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Cl 
13.29 Cl 
Cl Cl H 
T — a 
с Cl H 
Cl Cl 
Cl 
Aldrin / 
Cl Cl 
Cl 9 
а, Н СН,С-ООН 
Н 
Cl Cl H 
Dieldrin o 
| 
13.30 (а) 
Ee к» 
H Norbornadiene 
Н. СІ 
(b) 2) * № — Cl 
НЭЭН 
МаОС,Н, | 
С,Н,ОН 
13.31 Cl 
X (уз uh 22 =) 
Note: The other double bond is less reactive because Chiordan о 
of the presence of the two chlorine substituents. 
ci, C ci. Cl 
Cl 
Cl allylic Cl 
chlorination 
СІ Cl Cl Cl 


Heptachlor 
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13.32 ci Xl сї. Cl 
Cl Ci 
Cl | —— Cl 
ci^ d \\ ci^ а 
Ci» Jsodrin 


13.33 Protonation of the alcohol and loss of water lead to an allylic cation that can react with 
a chloride ion at either C1 or C3. 


H* H H0 
CH,CH=CHCH,OH -» CH,CH=CHCH-O-H =» 
+ 


CH,CH=CHCH, <—> cH,CHCH=CH, > 
CH,CH-CHCH,C| + CH,CHCH =CH, 
cl 


1334 (1) CH=CH-CH=CH, + C, --» | CICH;-CH-CH-CH, 
| + 

CICH;-CH -CH-CH, 

у 


öt 8 
CICH;-CH--CH--CH, 


5+ 5+ 
(2) CICH;-CH--CH-CH, “a> CICH;-CH-CH-CR, 
H, 
+ CICH;-CH-CH-CH,OCH, 
13.35 A. six-membered ring cannot accommodate a triple bond because of the strain that 


would be introduced. 
A 
Too highly 


А в ( strained 
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Br 


13.36 The products are CH,CH,CHCH =CH, and СН,СН,СН =CHCH,Br (cis and trans). 


They are formed from an allylic radical in the following way: 
В, —> 2Br (from NBS) 


Br + CH,CH,CH,CH=CH, ——» CH,CH,CHCH=CH, 


+ HBr 
CH,CH,CH=CHCH, 
| js aie 
CH,CH,CH==CH=CH, + Въ —-> CH,CH,CHCH=CH, 
Br + Br 


+ СН,СН,СН--СНСН,Вг 
(cis and trans) 


13.37 (a) The same carbocation (a resonance hybrid) is produced in the dissociation step: 


CH, 
СН,С--СНСН, (1 


Au 


CH, CH, 
СН,--0-СН-СН, <—> CH;-C-CH-CH, + Ава 


CH, мл За п ` 


CH,C—CH-CE, = a 
а 
|» 
CH, CH, 
СН,-0-СН-СН, + СН-С-СН-СН,ОН 
Н (85%) (15%) 


(b) Structure I contributes more than II to the resonance hybrid of the carbocation (rule 
8). Therefore, the hybrid carbocation has a larger partial positive charge on the tertiary 
carbon atom than on the primary carbon atom. Reaction of the carbocation with water will 


therefore occur more frequently at the tertiary carbon atom. 


13.38 (a) Propyne. (b) Base (: B^) removes a proton, leaving the anion whose resonance 


structures are shown: 


f 27 


| Ки 12- : 
CH=C=CH, + :В 225 H'B + qe «— -05С-Н 


Н Н Н 
Ї П 
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Reaction with H:B may then occur at the CH, carbanion. The overall reaction is 
CH=C=CH, + :B = I[CH=C=CH <—» CH-C=CH] + H:B 
CH;-CECH + :B 


13.39 The first crystalline solid is the Diels-Alder adduct below, mp 125?C, 
О 


yo 
оо 


On melting, this adduct undergoes a reverse Diels-Alder reaction, yielding furan (which 
vaporizes) and maleic anhydride, mp 56?C, 


о, О 
H 
=> 
H heat | С» + о 
О з. 
О Ї 
Furan Maleic 
anhydride 
(mp 56? C) 


СМ СМ 
(с) 4 enantiomer (d) СХ + enantiomer 
CH, CH, 


13.41 The product formed when butyl bromide undergoes elimination is 1-butene, a simple 

: monosubstituted alkene. When 4-bromo-1-butene undergoes elimination, the product is 

1,3-butadiene, a conjugated diene, and therefore, a more stable product. The transition 

states leading to the products reflect the relative stabilities of the products. Since the tran- 

sition state leading to 1,3-butadiene has the lower free energy of activation of the two, the 
elimination reaction of 4-bromo-1-butene will occur more rapidly. 
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13.42 Тһе diene portion of the molecule is locked into an s-trans conformation. It cannot, there- 
fore, achieve the s-cis conformation necessary for a Diels-Alder reaction. 


13.43 


OSi(tert-Bu)Ph, 


Ph О 


*13.44 
О >» О 
О 
*13.45 (а) 
E (isomer 2) 


(b) 


(isomer 1) 


(c) See above 
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SOLUTIONS TO PROBLEMS 
14.1 Compounds (a) and (b) would yield only one monosubstitution product. 
14.2 Resonance structures are defined as being structures that differ only in the positions of 
the electrons. In the two 1,3,5-cyclohexatrienes shown, the carbon atoms are in different 


positions; therefore, they cannot be resonance structures. 


14.3  Inscribing a square in a circle with one corner at the bottom gives the following results: 


We see, therefore, that cyclobutadiene would be a diradical and would not be aromatic. 


144 (a) m — ше 
4 И 


The cyclopentadienyl anion (above) should be aromatic because it has a closed bonding 
shell of delocalized 7 electrons. 

(b) and (c) The cyclopentadienyl cation (below) would be a diradical. We would not 
expect it to be aromatic. 


(d) No, 4 is not a Hückel number. 


245 
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14.5 


14.6 


14.7 


14.8 


14.9 


(a) The cycloheptatrienyl cation (below) would be aromatic because it would have a 
closed bonding shell of delocalized тг electrons. 


(c) No, 8 is not a Hückel number. 


If the 1,3,5-cycloheptatrienyl anion were aromatic, we would expect it to be unusually 
stable. This would mean that 1,3,5-cycloheptatriene should be unusually acidic. The fact 
that 1,3,5-cycloheptatriene is not unusually acidic (it is less acidic than 1,3,5-heptatriene) 
confirms the prediction made in the previous problem, that the 1,3,5-cycloheptatrienyl 
anion should not be aromatic. 


(a) Br 
Br 
Br 
heat _ 
(b) -HBr * Br 
Br 


Tropylium bromide 


These results suggest that the bonding in tropylium bromide is ionic; that is, it consists of 
a positive tropylium ion and a negative bromide ion. 


It suggests that the cyclopropenyl cation should be aromatic. 


The fact that the cyclopentadienyl cation is antiaromatic means that the following hypo- 
thetical transformation would occur with an increase in 7-electron energy. 


/ m-electron 
——————— 
НС energy increases i * H, 
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14.10 The cyclopropenyl cation (below). 


" © me 


14.11 The high field signal arises from the six methyl protons of trans-15,16-dimethyldihy- 
dropyrene, which by virtue of their location are strongly shielded by the magnetic field 
created by the aromatic ring current (see Figure 14.8). 


t 


14.12 Major contributors to the hybrid must be ones that involve separated charges. Contribu- 
tors like the following would have separated charges, and would have aromatic five- and 
seven-membered rings. 


SH 
1413 @ М СҮТҮ фу NNN 
Oo СТ» 
H 


14.14 Because of their symmetries, p-dibromobenzene would give two '3С signals, o-dibro- 
mobenzene would give three, and m-dibromobenzene would give four. 


Br Br Br 
d (ај, (a) Br b 
(b) (b) (b) (c) (a) 
(b) нг” 2) (4) S 
a) (c) (c) 
Two signals Three signals Four signals 
CH, CH, CH,Br 
14.15 CH, 
| 8 Br Br 
Br 
A B C D 


A. Strong absorption at 740 ст“ ! is characteristic of ortho substitution. 
В. A very strong absorption peak at 800 cm! is characteristic of para substitution. 
C. Strong absorption peaks at 680 and 760 cm ^! are characteristic of meta substitution. 


D. Strong absorption peaks at 693 and 765 ст“ ! are characteristic of a monosubstituted 
benzene ring. 
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14.16 (a) 


(d) 


» 
NO, 
NO, 

Q "NO, 


C(CH,), 
(m) 
OH 
(p) A 
CH 
Br 


Br 
14.17 (a) 
Br 


1,2,3-Tribromo- 
benzene 


(k) 
NO, 
OH 
CH, 


C,H, 
(q) HOCH,CHCHCH, (г) 


CH, 


Br 
Br 


Br 


1,2,4- Tribromo- 
benzene 


(c) 


(f) 


(i) 


0) 


NO, 
S 


(0) 


OC 
Cl 
Br 


Q, 


1,3,5-Tribromo- 
benzene 
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OH 
Cl 


(b) 
Cl 


2,3-Dichloro- 
phenol 


OH 
Cl Cl 


2,6-Dichloro- 
phenol 


NH, 
(c) 


NO, 


4-Nitroaniline 
(p-nitroaniline) 


SO,H 
(d) 


CH, 


4-Methylbenzene - 
sulfonic acid 
(p-toluenesulfonic 
acid) 


CH,CH,CH,CH, 


(e) 
Butylbenzene 


C(CH,), 


tert-Butylbenzene 


AROMATIC COMPOUNDS 


OH 
Cl 


Cl 


2,4-Dichloro- 
phenol 


OH 


Cl 
Cl 


3,4-Dichloro- 
phenol 


NH, 


NO, 
3-Nitroaniline 
(m-nitroaniline) 


50,Н 


CH, 


3-Methylbenzene ~ 
sulfonic acid 
(m-toluenesulfonic 
acid) 


H,CH(CH,), 


Isobutylbenzene 


OH 
Cl 


Cl 


2,5-Dichloro- 
phenol 


OH 


Cl Cl 


3,5-Dichloro- 
phenol 


NH, 
О, 


2-Nitroaniline 
(o-nitroaniline) 


SO,H 
CH, 


2-Methylbenzene - 
sulfonic acid 
(o-toluenesulfonic 
acid) 


CH,CHCH,CH, 


sec-Butylbenzene 


249 
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14.18 


14.19 


14.20 


14.21 


Hiickel’s rule should apply to both pentalene and heptalene. Pentalene's antiaromaticity 
can be attributed to its having 8 a electrons. Heptalene's lack of aromaticity can be at- 
tributed to its having 12 т electrons. Neither 8 nor 12 is a Ниске! number. 


(a) Theextratwo electrons go into the two partly filled (nonbonding) molecular orbitals 
(Fig. 14.6), causing them to become filled. The dianion, therefore, is not a diradical. 
Moreover, the cyclooctatetraene dianion has 10 7 electrons (a Ниске! number), and 
this apparently gives it the stability of an aromatic compound. (The highest occu- 
pied molecular orbitals may become slightly lower in energy and become bonding 
molecular orbitals.) The stability gained by becoming aromatic is apparently large 
enough to overcome the extra strain involved in having the ring of the dianion be- 
come planar. 


(b) The strong base (butyllithium) removes two protons from the compound on the left. 
This acid-base reaction leads to the formation of the 10 7 electron pentalene dian- 
ion, an aromatic dianion. 


Pentalene dianion 


The bridging -CH;-group causes the 10 7 electron ring system (below) to become pla- 
nar. This allows the ring to become aromatic. 


ээ 


(a) Resonance contributors that involve the carbonyl group of I resemble the aromatic 
cycloheptatrienyl cation and thus stabilize I. Similar contributors to the hybrid of II 
resemble the antiaromatic cyclopentadienyl cation (see Problem 14.9) and thus desta- 
bilize II. 


О о 
Contributors like ТА are exceptionally 
C stable because they resemble an aromatic 
(a) compound. They therefore make large 
I IA 


stabilizing contributions to the hybrid. 
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aromatic compound. Any contribution 


Contributors like ПА are exceptionally 
unstable because they resemble an anti- 
<> 
they make to the hybrid is destabilizing. 


Ом 


Ionization of 5-chloro-1,3-cyclopentadiene would produce a cyclopentadienyl cation, 
and the cyclopentadienyl cation (see Problem 14.9) would be highly unstable because it 
would be antiaromatic. | 


Antiaromatic ion 
(highly unstable) 


(a) The cycloheptatrienyl anion has 8 7 electrons and does not obey Hückel's rule; the 
cyclononatetraenyl anion with 10 7 electrons obeys Hiickel’s rule. 


oO Q 


Cycloheptatrienyl anion Cyclononatetraenyl anion 
6 n-electrons 10 n-electrons 
Antiaromatic Aromatic 


(b) By adding 2 v electrons, [16]annulene becomes an 18 т electron system and there- 
fore obeys Hiickel’s rule. 


As noted in Problem 13.28, furan can serve as the diene component of Diels-Alder re- 
actions, readily losing all aromatic character in the process. Benzene, on the other hand, 
is so unreactive in a Diels-Alder reaction that it can be used as a nonreactive solvent for 
Diels-Alder reactions. 
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14.25 
CH, (a) (a) doublet 8 1.25 
"Eod (b) (b) septet 8 2.9 
CH, (a) (c) multiplet 57.3 
E 
CH, (a) (a) doublet 8 1.35 
B H (b) (b) quartet 64.1 
NH, ©) (c) singlet 6 1.8 
Е . 
(d) multiplet 67.3 
(a) 
H H 
(a) triplet 62.9 
H 
с (b) b) quintet 82.1 
C (c) ü (b) q 
(c) multiplet 67.1 
H H 
(a) 


14.26 А ІН NMR signal this far upfield indicates that cyclooctatetraene is a cyclic polyene and 
is not aromatic. 


14.27 Compound Е is p-isopropyltoluene. ЇН NMR assignments are shown in the following 
spectrum. 


(c) (a) 
—CH, 
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We can make the following 'H NMR assignments: 


(b) (c) (a) 
CH, -О)- CH-CH, 


\ ‚ СН, 
(а) 
(4) 
(a) doublet д 1.25 (c) septet 6 2.85 
(b) singlet 8 2.3 (d) multiplet 67.1 


14.28 Compound L is allylbenzene, 


ША л (а) (d) Doublet, 6 3.1 (2H) 
с=с (a) or (b) Multiplet, 8 4.8 
O- сӣ, Мо) (а) ог (b) Multiplet, 8 5.1 
(d) (c) Multiplet, 5 5.8 
—— (e) Multiplet, 6 7.1 (5H) 


(e) 


The following IR assignments can be made. 


3035 cm- !, С-Н stretching of benzene ring 
3020 ст-!, С-Н stretching of -CH=CH, group 
2925 ст“ ! and 2853 cm~!, C-H stretching of -CH, -group 
1640 cm -!, C=C stretching 
990 ст“ ! and 915 ст“ !, С-Н bendings of -CH=CH, group 
740 ст“ ! and 695 cm !, С-Н bendings of CH; group 


The UV absorbance maximum at 255 nm is indicative of a benzene ring that is not con- 
jugated with a double bond. 


14.29 Compound M is m-ethyltoluene. We can make the following assignments in the spectra. 


Н, (с) 
“| 
Н,-СН, 


(b) (a) 


(a) triplet 8 1.4 

(b) quartet 6 2.6 
(c) singlet 6 2.4 
(d) multiplet 6 7.05 


Meta substitution is indicated by the very strong peaks at 690 and 780 ст“! in the IR 
spectrum. 
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14.30 


14.31 


14.32 


Compound М is С,Н,СН--СНОСН,, The absence of absorption peaks due (о О-Н or 
C=O stretching in the IR spectrum of N suggests that the oxygen atom is present as part 
of an ether linkage. The (SH) ЇН NMR multiplet between 8 7.1—7.6 strongly suggests the 
presence of a mondsubstituted benzene ring; this is confirmed by the strong peaks at 


“--690 and ~770 ст”! in the IR spectrum. 


We can make the following assignments in the ІН NMR spectrum: 


(a) (b) (c) (d) 
C,H;-CH=CH-OCH, 
(a) Multiplet 6 7.1—7.6 
(b) Doublet 66.1 
(c) Doublet 8 5.2 
(d) Singlet 6 3.7 


Compound X is meta-xylene. The upfield signal at 8 2.3 arises from the two equivalent 
methyl groups. The downfield signals at 5 6.9 and 7.1 arise from the protons of the ben- 
zene ring. Meta substitution is indicated by the strong IR peak at 680 ст“ ! and very 
strong IR peak at 760 cm !. 


The broad IR peak at 3400 ст! indicates a hydroxy group, and the two bands at 720 and 
770 cm- ! suggest a monosubstituted benzene ring. The presence of these groups is also 
indicated by the peaks at 84.4 and 8 7.2 in the ЇН NMR spectrum. The ЇН NMR spec- 
trum also shows a triplet at 6 0.85 indicating a -CH, group coupled with an adjacent 
—CH;- group. There is a complex multiplet at 6 1.7 and there is also a triplet at д 4.5 
(1H). Putting these pieces together in the only way possible gives us the following 
structure for Y. 


(О) -енсњоњ, 
OH 


(c) (b (8) 
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14.33 (a) Four unsplit signals, 


(a) 
(d) О CH, 
Н.С 
НЬ М. (b) 
A | рун 
О М М 
| 
CH 
(c) 


(b) Absorptions arising from: =С-Н, CH,, and C=O groups. 


*14.34 The vinylic protons of p-chlorostyrene should give a spectrum approximately like the 
following: 


(c) (a) (b) 


[л] [ль 1 | || || || 
ый Cod 
7.0 6.0 5.0 
бн (ppm) 
#1435 Ph Ph 
O—t-Bu 
ME =. 
Ph ph Br 
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*14.36 


Nat ——» Fe (a *sandwich compound") 


C 
D 


41437 Ph—C=C—C=C—Ph 
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SOLUTIONS TO PROBLEMS 


Ei 1 E E E 
шеме о 
+ + 
OT Сү Су 
15.2 The rate is dependent on the concentration of МО," ion formed from protonated nitric 
acid. 


Н-0-10, + HA — NO; + HO + A 


H 
(where HA = HNO, or HOSO,H) 


Because H,SO, (HOSO,H) is a stronger acid, a mixture of it and HNO, will contain a 
higher concentration of protonated nitric acid than will nitric acid alone. 


That is, the reaction, 
H-O-NO, + HOSOH ©” H—-O-NO, + HSO, 
H 


Protonated 
nitric acid 


produces more protonated nitric acid than the reaction, 


+ — 
H—O-NO, + Н-0-МО, x. H—0-NO, * NO, 
H 


258 
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ИТМ - 
153 $ер1 | CH,CHZCH, + нв ш» снбнсн, + F 
CH H CH, 
(23 ә 
Step 2 + a= 
CH, Hs 
H CH, 
ён a a 
Step 3 CH, + F => * HF 


| 2 
5N :0 @OAICI, 

1 И | «11 

15.4 СН,С-0-ССН, + АС, 2-5 CH,C—O;CCH, — 


i 


+ Ч, .. - 
CH,C=O: + CH, —OAICI, 


15.5 The carbocation formed by the action of AICI, оп neopentyl chloride is primary. This car- 
bocation rearranges to the more stable tertiary carbocation before it can react with the ben- 
zene ring: 

CH; CH; CH; 
СН;ССН,СІ + АІС, —— АС, + У — CH,CCH,CH, 


CH, ol 
Of 


156 СН,СН,СН,--ОН + ВЕ, «—* CH,CH,CH,* + НОВЕ, 
The propyl cation can rearrange into an isopropyl cation: 


+  hydride + 
CH,CH,CH, ши) CH,CHCH, 
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Both carbocations can then attack the ring. 


CH,CH,CH,* Суч, a 2СН,СН, 

Or CHCH, 

CH,CHCH, 

CHCH, 

—» 
* CH, Єт 


| Q 
СН,СН,СН,СОО! ССН,СН,СН, Zn(Hg) 
15.7 (a) — An > p 
u: 


ow" 


Q f 
CHO ROC ССН,СНСН, аны 
(b) на | 
reflux 


єн, 
or 


C4H,COCI f 
О 
\\ 
£ AICI GON 
> 
(Ol «ЈО => Or АЈС 
Р нор 
О 


OZO 
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CH 
Се “© =, - 
== > 
HOC E 
О 


H H H H 
Zn(Hg) 
О H H 


15.8 Ifthe methyl group had no directive effect on the incoming electrophile, we would expect 
to obtain the products in purely statistical amounts. Since there are two ortho hydrogen 
atoms, two meta hydrogen atoms, and one para hydrogen, we would expect to get 40% 
ortho (2/5), 40% meta (2/5), and 20% para (1/5). Thus, we would expect that only 60% 
of the mixture of mononitrotoluenes would have the nitro group in the ortho or para po- 
sition. And we would expect to obtain 40% of m-nitrotoluene. In actuality, we get 96% 
of combined o- and p-nitrotoluene and only 4% m-nitrotołuene. This shows the ortho-para 
directive effect of the methyl group. 


CH, CH, 
SO,H 
15.9 EL D : 
HSO; 
SO,H 


СО,Н 
НМО, 
FSO? 
NO, 
NO, 
E => а 
Вг 
но ОН 
CH,COCI a aM 
АС 
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15.10 As the following structures show, attack at the ortho and para positions of phenol leads 
to arenium ions that are more stable (than the one resulting from meta attack) because 
they are hybrids of four resonance structures, one of which is relatively stable. Only 
three resonance structures are possible for the meta arenium ion, and none is relatively 
stable. 


Ortho attack 


Relatively stable 


Meta attack 


:ОН :ОН :ОН :ОН 
—— «— * <> 
Br Br Br Br 
H H + Н 
Para attack 
ОН ОН СОН 
Q — <> <> 
Вг у | 
H r H Br 


(2% 
X pe 


H Br H Br 
Relatively stable 
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15.11 (a) The atom (an oxygen atom) attached to the benzene ring has an unshared electron 
pair that it can donate to the arenium ions formed from ortho and para attack stabilizing 
them. (The arenium ions are analogous to the previous answer with a -COCH, group re- 
placing the —H). 


(b) Structures such as the following compete with the benzene ring for the oxygen elec- 
trons, making them less available to the benzene ring. 


(о :0 
(О) 8 <> (О) —CH, 


This effect makes the benzene ring of phenyl acetate less electron rich and, therefore, less 
reactive. 


(c) Because the acetamido group has an unshared electron pair on the nitrogen atom that 
it can donate to the benzene ring it is an ortho-para director. 


(d) Structures such as the following compete with the benzene ring for the nitrogen elec- 
trons, making them less available to the benzene ring. 


15.12 The electron-withdrawing inductive effect of the chlorine of chloroethene makes its dou- 
ble bond less electron rich than that of ethene. This causes the rate of reaction of 
chloroethene with an electrophile (1.е., a proton) to be slower than the corresponding re- 
action of ethene. 

When chloroethene adds a proton, the orientation is governed by a resonance ef- 
fect. In theory, two carbocations can form: 


:CI-CH, —CH,* 
Eon CH, s I (less stable) 
:CI—CH= + 


д cr 

:CI-CH-CH, —-> CI-CH-CH, 
| а 

:CI-CH-CH, 

II (more stable) 


Carbocation II is more stable than I because of the resonance contribution of the extra 
structure just shown in which the chlorine atom donates an electron pair (see Section 
15.11D). 
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15.13 Ortho attack 
CH,CH, CH,CH, CH,CH CH,CH 


3 3 
B Br 
Br* : : 
H 
cs e = иг CP 
* * 


Relatively stable 


Para attack 


CH,CH, CH,CH, CH,CH, CH,CH, 


а -б -с 


Relatively stable 


15.14 The phenyl group, as the following resonance structures show, can act as an electron- 
releasing group and can stabilize the arenium ions formed from ortho and para attack. 


Ortho attack 


оо о о 
NO + NO, NO, ` NO, 
ол» 
+ 
É) (9 Ө 
> J до," Д м, J м, 
О“ (Т CF 
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Para attack 


ace ho 
ЕЕ 


H/ "NO, 


15.15 . 
(92:22 leads to 1-chloro-1-phenylpropane 
I 
(#27 leads to 2-chloro- 1-phenylpropane 
Il 
e leads to 1-chloro-3-phenylpropane 
ш 


The major product is 1-chloro-1-phenylpropane because I is the most stable radical. It is 
a benzylic radical and therefore is stabilized by resonance. 


(усним «> CHCH,CH, <—> 
„(Joron on, <> (о у=сноин, 
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15.16 (a) (Qe d (Qe Nat O 
iq. МН. » 


(1) NaNH,/NH, 
ӨСН ———— > = 
(b) Оу Н оснена 02:22 
=CCH, 2 > Оу 
МІВ CD B (P-2 NS 
ЬВ (P-2) b» 


[from(a)] 


Qo iue OK a 


3 
[from(a)] | 


15.17 The addition of hydrogen bromide to 1-phenylpropene proceeds through a benzylic rad- 
ical in the presence of peroxides, and through a benzylic cation in their absence (cf., a 
and b as follows). 


(a) Hydrogen bromide addition in the presence of peroxides. 


Chain Initiation 


Step 1 к-01 (0-8 --Э» 2К-0 


Step 2 во +“ HBr -- Ё-0-Н + Br 


Step3 Br“ + cui fn (нон, —- CjH,CH—CHCH, 


Br 
A benzylic radical 


Chain Propagation 
— м. 
Step 4 CH CHCHCH, + н—Вг —> С.Н,СН,СНСН, t Br 
Br Br 
2-Bromo-1-phenylpropane 
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The mechanism for the addition of hydrogen bromide to 1-phenylpropene in the 
presence of peroxides is a chain mechanism analogous to the one we discussed when 
we described anti-Markovnikov addition in Section 10.9. The step that determines the 
orientation of the reaction is the first chain-propagating step. Bromine attacks the sec- 
ond carbon atom of the chain because by doing so the reaction produces a more stable 
benzylic radical. Had the bromine atom attacked the double bond in the opposite way, 
a less stable secondary radical would have been formed. 


И ы » 
С,Н,СН-СНСН, + Br —> C;H,CH —CHCH; 
AJU | 
Вг 
А зесопдагу гафса! 


(b) Hydrogen bromide addition in the absence of peroxides. 


C,H,CH=CHCH, + HBr ——» C,H,CHCH,CH, + Br 


A benzylic cation 


| 


C H,CHCH;CH, 
Br 
1-Bromo-1-phenylpropane 
In the absence of peroxides, hydrogen bromide adds through an ionic mechanism. 
The step that determines the orientation in the ionic mechanism is the first, where the pro- 
ton attacks the double bond to give the more stable benzylic cation. Had the proton at- 
tacked the double bond in the opposite way, a less stable secondary cation would have 
been formed. 
4 2 
сенусн=снсн, + HBr -ж»  CHCH—CHCH, + Br 
H 
A secondary cation 


15.18 (a) (Су-—фнснен, because the more stable carbocation intermediate is the 
с 
benzylic carbocation, (О внсики, , Which then reacts with a chloride ion. 


(b) (О)-нењев, because the more stable intermediate is a benzylic cation, 
ou which then reacts with H,O. 
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15.19 


15.20 | 


15.21 


(a) Thefirst method would fail because introducing the chlorine substituent first would 
introduce an ortho-para directing group. Consequently, the subsequent Friedel-Crafts re- 
action would not then take place at the desired meta position. | 

The second method would fail for essentially the same reasons. Introducing the 
ethyl group first would introduce an ortho-para director, and subsequent ring chlorina- 
tion would not take place at the desired meta position. 


(b) If we introduce an acetyl group first, which we later convert to an ethyl group, we 
install a meta director. This allows us to put the chlorine atom in the desired position. 
Conversion of the acetyl group to an ethyl group is then carried out using the Clem- 
mensen reduction. 


1 | 
Ц сн, C—CH, CH,CH, 
CH;COCI CL Zn(Hg) 
AICL © Еесв НСІ Э 
Cl Cl 
OH CN ~ OCH, OCH, 
О, ом 
(a) (b) (c) M 
ом SO,H О, O, 
F, NO, 


(а) In concentrated base and ethanol (a relatively nonpolar solvent), the 5,2 reaction is 
favored. Thus, the rate depends on the concentration of both the alkyl halide and 
NaOC,H,. Since no carbocation is formed, the only product is 


CH,CH=CHCH,OCH,CH, 


(b) When the concentration of С,Н.О” ion is small or zero, the reaction occurs through 
the 5,1 mechanism. The carbocation that is produced in the first step of the 5х1 mecha- 
nism is a resonance hybrid. 


CH,CH=CHCH, 
CH,CH=CHCH,Cl ==> | РӨ 
CH,CH—CH=CH. 
This ion reacts with the nucleophile (С,Н,О” or C;H;OH) to produce two isomeric ethers 


| OCH,CH, 
CH,CH=CHCH,-OCH,CH, апа CH,CHCH=CH, 
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(c) In the presence of water, the first step of the 5,1 reaction occurs. The reverse of 
this reaction produces two compounds because the positive charge on the carbocation is 
distributed over carbon atoms one and three 


| + 
СН,СН-СНСН, CH,CH=CHCH,Cl 
+ cl ) * Cl 
+ | 
CH,CH-CH-C CH,CHCH-CH, 
15.22 (a) The carbocation that is produced in the 5,1 reaction is exceptionally stable because 
one resonance contributor is not only allylic but also tertiary. 
ie Syl i E CH, 
CH,C =CHCH,Cl <> CH,C=CHCH, «—» СН:-0-сн =CH, 
+ 
A 3° allylic carbocation 
CH, CH, 
(b) cau d -СНСН,ОН + CH,CCH=CH, 
OH 
15.23 Compounds that undergo reactions by an 5,1 path must be capable of forming relatively 
stable carbocations. Primary halides of the type ROCH,X form carbocations that are sta- 
bilized by resonance: 
R-O-CH, «> К-О-сн, 
15.24 The relative rates are in the order of the relative stabilities of the carbocations: 
+ + + + 
С,Н,СН, < C,H,CHCH, < (C,H,),CH < (СНС 
The solvolysis reaction involves а carbocation intermediate. 
CH, 
15.25 
CH,CH, СН,СН, ОСН, ОСН, 
Cl Cl 
15.26 (a) + (b) + 
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Ї 
СОН 


O°. 6 «б, 
б, 


Cl 
(e) (f) om 
1 
(b) M + ceno O) 
9 Q 
NHCOCH, NHCOCH, OCCH, OCCH, 
NO, | NO, 
15.27 (a) * (b) * 
NO, NO, 
(mainly) 
Cl Cl Cl 
NO, ON 
(c) (d) + Р 
| COH COH 
(OH Ó NO, О 
О 
NO, 


a 
15.8 (9 (О) (b) (СО) в-он, 
(c) (С)-н=сноњеь, (d) (Сј-свсноцан, 


Вг 
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(e) (Ov genes (f) (O) erosoen, 


OH 
(g) (О-о 
сњ 
CH, CHCH, 
| AICI, 
(a) О + CICHCH, ——> 
CH, 
| | 
СН, AICI ссн, 
(b) О + ссн, —» О CH, 
CH, 
0 
О AICI СИ 5 (Hg) 
3 _ 69435) _ 
(с) О + с1-Ссн,сн, —> HCI, sal 


бүсээ 


(Note: The use of С1-СН,СН,СН, in a Friedel-Crafts synthesis gives mainly the 
rearranged product, isopropylbenzene.) 


Q 
Й 
о m CCH,CH,CH, 
(d) О + с1-Єсн,сн,сн, — 
Zn(Hg) | НСІ, 


reflux 


ow 
" C(CHj), DE" C(CH,), 
5 2 зах? а 


[from (b)] 
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Cl 
АІСІ а. 


S? 


(g) Q H 
[from (0) 
(h) Q + HNO, 


c 
2, 
О © Ой 
+ 

g 

~ 

p 

& 


| CH,CH,ONa 
CH,CH,OH 
|: OH 
(1) THF: BH, 
(2) H,0,, ОН” H 


(syn addition) 


2 
но 
H,SO, 
NO 


NO, 
О. 
т NO, 
HNO, 
H,SO, + ortho 


1 1 1 
SO,H 
SO, 3 
H,s0? J 
| 5О,Н (separate) 
Н:,ОЛ/Н:650,, heat 


© 2000, Modulo Éditeur inc. / € 2000 John Wiley & Sons Inc. 


_SO; „ 
502 


б? 


REACTIONS OF AROMATIC COMPOUNDS 273 


но, 
9,502 


(separate) 
(d. H,0/H,SO, heat | 
ba ного, 


[from (h)] 


15.30 (а) 


О, 


SO,H 
CHCICH;CI 
CH,CH, 


CHOHCH,OH 


on 


CHOHCH, 


KMnO,, ОН 
—————- 
25 С 


(1) KMnO,, ОН“, heat 
(2) H4O* 


HSO 


CHBrCH, 
HBr 
— 
по peroxides 
(e nd 


' (1) THF BH, 
(2) H,O,, OH ` 
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i CH=CH, а) THR (1) THR ВН, CH,CH,D 
(2) оусњсор ~ 
| CH=CH, E EN CH,CH,Br 
0) EU d 


CH,CH,Br СН,СНЫ 
acetone 


0) * Ма "но У 


ОП Н,СН,Вг СН,СН,СМ 


(k) + (CN — 
[from (1)] 
©" =CH, р or D 
0) x 
+ [ і heat у, A 
CH,CH,OH СН,СН,ОМа 
(n) © Ма у сны, 


[from (g)] G 


H, О,Н О,Н 
KMnO, ОН Н,О" Cl 
эз ш) me BE. FeCl 

3 Cl 
H, Н, 
AICI 
(b) * CI- Сен, —> + ortho 

COCH, 
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H, 
(d) 

H, 
(e) 

H, 
(f) 

Н, 
(8) 

Н, 
(h) 
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H, Н; 
В 
HNO, Br, : 
Н,50, FeBr, 
NO, NO, 
(+ ortho) 
Н, ОН 
Br, KMnO,OH' _ Н,О 
FeBr heat 
Br Br 
(+ ortho) 
Lla (excess) (excess) 
light * «a 
H, 
ТЭ AICI 
+ ci-CHCH, —> + ortho 
СН.СНСН, 
Cl 
AICI 
OQ m —— CH; * ortho 
H, 
NO, 


HNO, (excess) 
H,SO, 


NO, 
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CH, CH, H, 


(i) Len № 
Н,50, 


(separate) lo 
Н,О/Н,804, heat 


em CH; 
NO, 
O (1) а ЕМпО„ ОН heat ОНТ, heat Cl, 
(2) но“ FeCl, 
Cl 
Н, Н, 
А1СЬ Zn(Hg) 
+ Cl- Ron CH,CH, —» нс: > 
=0 СН,СН,СН,СН, 
СН,СН,СН, 
(+ ortho) 
NHCOCH, МНСОСН, МН, 
ЭЭР + 
15.32 (a) | olen, "Ha. ои „ 
FeBr, Н,О 
(2) ОН? 
Br Br 
(+ ortho) 
МНСОСН, МНСОСН, NHCOCH, Пее 
цаг" 
(b) в E = 
Н,50, FeBr, 
[from (a)] (minor ЗОЈА (major ЗОН 
product) product) 
NH, 


Br 
(1) H,O/H,SO, 


heat 
(2) ОН? 


© 2000, Modulo Éditeur inc. / © 2000 John Wiley & Sons Inc. 


REACTIONS OF AROMATIC COMPOUNDS 277 


NHCOCH, NHCOCH, NH, 
ors ctor, Or нэ. =Q (1) Ht Br 
(c) — g^ 
EE 
| (2) T 
[from (b)] NO, 
NHCOCH; МНСОСН, NHCOCH, NH, 
NO, NO, " NO, 
Br, (н.о 
= FeBr, H,O, heat 
(2) ОН? 
SO,H SO,H Br Br 
[from (b)] 
NH, NH, 
Br Br 
Br, 
«О > 
Вг 


15.33 (a) Step (2) will fail because a Friedel-Crafts reaction will not take place on a ring that 
bears an -NO, group (or any meta director). 


ELE no Friedel-Crafts 
so АС, > reaction 


(b) The last step will first brominate the double bond. 


H=CH, 
NaOEt у Br; 
чо” вон > FeBr 
light heat 
HBrCH,Br HBrCH,Br HBrCH,Br 
Br 
+ 


Br 
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15.34 (a) Electrophilic aromatic substitution will take place as follows: 


Оно» OO + 
OHO . 


(b) The ring directly attached to the oxygen atom is activated toward electrophilic attack 
because the oxygen atom can donate an unshared electron pair to it and stabilize the in- 
termediate arenium ion when attack occurs at the ortho or para position. 


"Q9: O9 


Br 
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15.37 This problem serves as another illustration of the use of a sulfonic acid group as a block- 
ing group in a synthetic sequence. Here we are able to bring about nitration between two 
meta substituents. 


H H 
concd. H,SO, HO,S concd HNO, 
60-65°C concd H,SO, 
OH OH 
с SOH 
H H 
HO,S NO, NO, 
H,0*, HO 
heat 
OH OH 
H 5О,Н I 
OH OH 
15.38 cl а dilute а CI 
50, „ SO, Ch H,SO, 
МОС” Ее heat 
SO,H 5О,Н 


H* + 
15.39 (a) (1) С,Н,СН--СН-СН--СН, —— C,H,CH=CH—CH—CH, 


| 


+ 
C,H,CH—CH=CH—CH, 
5+ at 
C H,CH--CH--CH—CH, 
5+ 5+ х- 
Q) C,H,CH--CH--CH—CH, —» CH,CH-CH-CH—CH, 
X 


(b) 12 Addition. 


(c) Yes. The carbocation given in (a) is a hybrid of secondary allylic and benzylic con- 
tributors and is therefore more stable than any other possibility; for example, 


C,H,CH=CH~CH=CH, №» CH,CH,—ĊH-CH=CH, 
A hybrid of 
| allylic contri- 


* butors only 
C,H,CH,—CH=CH—CH, 
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(d) Since the reaction produces only the more stable isomer —that is, the one in which 
the double bond is conjugated with the benzene ring —the reaction is likely to be under 
equilibrium control: 


-cu cy Actual 
CHCH ms ч ыг product 
8 8 Cl 
C,H,CH —CH--CH-CH, More stable isomer 
T 
г C,H,CH —CH-CH-CH, Not 
Я a formed 


Less stable isomer 


15.40 
АС» у Zote) > 
“на? 
Н, С 


Toluene с 
anhydride са y 
Boe AIC; у 
H,C 
сво) (СН 7,010) 
NaBH, > 0, „ 
The 7 
73-77 ёо) 
зов 
тон > 
со? heat 
F G 
(СиНь (СН, Вг) 


2-Methylnaphthalene 
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Н, Н, 
М 
I HNO, О, (only possible 
H,SO, mononitro product) 
CH — CH, 
СН,ОН “O 


.rearrange- > 
Ted t 
^5 H 
HH 


2 
об 


CH,—C=CH, H;G СН, 
HA + CH; 
(b СН,-С--СН, ——>» CH,—C—CH, —— > | 
CH; C,H, CH; Сењ 
H,C сн, ЊС сн, 
-HA 
— 

C,H CH 

_ Нсн, 6115 CH, 65 

A e 


^ OO я> 60 
О 

„00 = 

OH 
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(c) (1) CH;Mgl оф 
Q)NH,* | CH; 
Ò H,C `OH H, / Ni 
(à) (1) С,Н,МөВг H* 
(2) NH ТЫ heat 


15.44 (a) Large ortho substituents prevent the two rings from becoming coplanar and prevent 
rotation about the single bond that connects them. If the correct substitution patterns are 
present, the molecule as a whole will be chiral. Thus, enantiomeric forms are possible 
even though the molecules do not have a stereocenter. The compound with 2-NO,, 
6-СО,Н, 2'-NO,, 6”-СО,Н is an example, 


The plane of the page is a plane of symmetry. 


15.45 (a) n 
(О) СО)-саввсн, (О) 
C 


A B 
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15.48 
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/ 
D CH, E H 
© GH, O си, 
Нь авг Ha. Вг 
Ber ээн чё чи 
Е CH, c CH 


НС-0-с1 + АС, --» НС-0-0 + AIC, 


0 | 
: C-CH, дор 
+ HC—-0 ——> —— 
~ + 
0 0 
C—CH, C—CH, 
CX base у 
-HCl 
Cl 


сан ос 


(a and b) The ¢ert-butyl group is easily introduced by any of the variations of the 
Friedel-Crafts alkylation reaction, and, because of the stability of the tert-butyl cation, 
it is easily removed under acidic conditions. 


(c) In contrast to the -SO,H group often used as a blocking group, -C(CH;), activates 
the ring to further electrophilic substitution. 


At the lower temperature, the reaction is kinetically controlled, and the usual o/p direc- 
tive effects of the -CH, group are observed. At higher temperatures, the reaction is ther- 
modynamically controlled. At reaction times long enough for equilibrium to be reached, 
the most stable isomer, m-toluenesulfonic acid, is the principal product. 


The evidence indicates that the mechanistic step in which the C-H bond is broken is not 
rate determining. (In the case cited, it makes no difference kinetically if a С-Н or C-D 
bond is broken in electrophilic aromatic substitution.) This evidence is consistent with 
the two-step mechanism given in Section 15.2. The step in which the aromatic com- 
pound reacts with the electrophile (NO,*) is the slow rate-determining step. Proton (ог 
deuteron) loss from the arenium ion to return to an aromatic system is a rapid step and 
has no effect on the overall rate. 
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NaCN 


15.50 (a) C,H,CH,Br -рмЕ”  C4H,CH;CN 


15.51 


15.52 


15.53 


15.54 


*15.55 


(-NaBr) 


CHON 

(b) C,H,CH,Br ad C,H,CH,OCH, 
(-NaBr) 
CH4CO;Na 

(c) C,H,CH,Br сасон > С,Д,СН,О,ССН, 
(-МаВг) 


Nal 
(d) C,H,CH,Br "acetone? CHCH, 
(-NaBr) 


N 
(е) CH=CHCH,Br ache CH=CHCHN, 
(-NaBr) 


В NaOCH,CH(CH,), 
(0 CH=CHCH,Br “сиуснснон  CH=CHCH,OCH,CH(CH,), 
(-NaBr) 


Br CH, 
“O +Q «OQ 
Hy Н,О EtOH 


+ ) + 11 » + 
(CHj,C7O-H а (СНУ СТОН а (CH34C wc 
-H (7 +Н,О -EtOH 
Very stable 


н carbocation 
(CHC -DEt ==> (CHOC-O-E 
H 


(a) CH,CH,CH=CHCH,Br would be the most reactive in ап Sy2 reaction because it 
is a 1° allylic halide. There would, therefore, be less steric hindrance to the attacking 
nucleophile. 


(b) CH,=CHCBr(CH,), would be the most reactive in an S1 reaction because it is a 
3? allylic halide. The carbocation formed in the rate-determining step, being both 3* and 
allylic, would be the most stable. 


The final product is o-nitroaniline. (The reactions are given in Section 15.14.) The pres- 
ence of six signals in the ^C NMR spectrum confirms that the substitution in the final 
product is ortho and not para. A final product with para substitution (i.e., p-nitroani- 
line) would have given only four signals in the 13С NMR spectrum. 


СЊОНСНОНСЊОН (Glycerol) After sodium borohydride reduction of the alde- 
hyde, ozonolysis oxidatevely degrades the aromatic ring, leaving only the polyhy- 
droxy side chain. Water is an alternative to HOAc sometimes used to work up ozonol- 
ysis reactions. 
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*15.56 COOH 
HO—C—H 

H—C—O0OH 

CH,OH 


(Threonic acid) 


Ozonolysis oxidatively degrades the aromatic rings, leaving only the carboxy] carbon as 
a remnant of the alkyl substituted benzene ring. Water is an alternative to HOAc used 
to work up the ozonolysis reaction. 
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NUCLEOPHILIC ADDITION TO THE 


SOLUTIONS TO PROBLEMS 
О | 
! || 
16.1 (а) CH,CH,CH,CH,CH . CH,CH,CHCH СН,СНСН,СН 
Н, Н, 
Pentanal 2-Methylbutanal 3-Methylbutanal 
т» [ 0 
CH,C—CHO CH,CH,CH,CCH, CH,CH,CCH,CH, 
CH, 
2,2-Dimethylpropanal 2-Pentanone 3-Pentanone 
Л 
CH,CHCCH, 
CH, 
3-Methyl-2-butanone | 
| НО 
i 9 9 СН, 
о ОА 
Acetophenone or Phenylethanal or 2-Methylbenzaldehyde 
methyl phenyl ketone — phenylacetaldehyde = (o-tolualdehyde) 


3 HO 
CH, 
CH, 
3-Methylbenzaldehyde 4-Methylbenzaldehyde 
(m-tolualdehyde) (p-tolualdehyde) 


287 
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16.2 


16.3 


16.4. 


(a) 


ALDEHYDES AND KETONES |, NUCLEOPHILIC ADDITION TO THE CARBONYL GROUP 


1-Pentanol, because its molecules form hydrogen bonds to each other. 


(b) 2-Pentanol, because its molecules form hydrogen bonds to each other. 
(c) Pentanal, because its molecules are more polar. 
(d) 2-Phenylethanol, because its molecules form hydrogen bonds to each other. 
(e) Benzylalcohol because its molecules form hydrogen bonds to each other. 
О 
(a) CH,CH,CHOH °C» сн,сн,йн 
3 CHCl, 
О 
SOCI, | LiAIH[OC(CH,),]; Y 
л —————— 
(b) CHICH COH —— сн,сн,Са diethyl ether CH,CH,CH 
Br Mg (1) HCHO 
(a —=> тг» = 
РСС 
(О)-нон сне? (О) 
(1) KMnO, OH’, heat SOCL, 
b 
LiAIH[OC(CH,)3]; 
(Qoa diethyl ether С)-вө 
HC=CN НО", Hg? 0 
—CNa : 
(c) СН,СНВс ———À» CH,CH,C=CH — >> CH,CH,CCH, 
2 
НО”, НЕ?" i 
(d) CH,C=CCH, “Оноо? CH,CH,CCH, 
Н,СгО 
(е) (О) ——> (Qs 
OH О 
CH,COCI 
О 


CH;,),CuLi 
Op == Op 
О О 
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1 d Я снусиы 
CN CH,CH,MgBr 
(i) HBr —> Bend 
O= 2 (Оре diethyl ether | 


9 " NMeBr 
HO 
(О) ањо «—— H,CCH,CH, 


о 
| D) -Bu; AIH | 
(0 .C.H,CH,CN Ык у C.H,CH,CH 
3 
(1)i-Bu,AlH Q 
2242 
(k) CH,(CH,),CO,CH, Ho > CH,(CH,),CH 


16.5 (а) The nucleophile is the negatively charged carbon of the Grignard reagent acting as 
a carbanion. 


(b) The magnesium portion of the Grignard reagent acts as a Lewis acid and accepts an 
electron pair of the carbonyl oxygen. This acid-base interaction makes the carbonyl car- 
bon even more positive and, therefore, even more susceptible to nucleophilic attack. 


С==О; —> -4-б-мах 
Л и Es + | B 
„Мё—Х R 
R 
ò- 


(c) The product that forms initially (above) is a magnesium derivative of an alcohol. 


(d) On addition of water, the organic product that forms is an alcohol. 


16.6 The nucleophile is a hydride ion. 


Н. (Ч M — Л .. — " oo 
167 6-0 + 0 == 0н-0-0 = Н-0-Он 
Н Н H—O:* : 0H 
НА = 
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16.8 Acid-Catalyzed Reaction 


+ 
H m OH | 
ea LI О, -Ht 


|| +Н* 
CH;-C-CH, <= CH ttn, ол сну си, а= 
| н, 


+H* 
H,"0t 
ar "QE, но н 
d <> СН; 2. = CH;C-CH, 
| H | +HO || HT 
ЗОН ЗОН ЗОН" 
CH;-C-CH, 
val! 
Base-Catalyzed Reaction О 
OH + НО ш>” HO + "OH 
OH 
Ц > ==» он, 
ЗА . pu 
@OH 
-OH, 
CH;-C-CH ж” CH;-C-CH, 
ie ^ "or j 
ЗО BO 
Acetal 
16.9 Acetal group цагда 
CHOH у CH,OH 


Sucrose 


4HÓ—CH, Pd m 
Ons OF OKs 
H` -НО-СН, н OH = 


16.10 
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joc, , yO-CH, но 
+ - НЫ 
OS = Of = Op 
H OH H OH, +0 H 
hemiacetal 
| Г : Н сн : 
(х +НО-СН, / 3 OCH, 
> ——* -Н» P 
H HOCH, H OCH, H OCH, 
(acetal) 
16.11 — HC, ap BC. , чноснсцон Сү 0-H 
E NL Lr X 
Н.С "нс НОСНСЊОН нс” "OócRCHOH 
н Н 
+ 
H 
go BEN 07 л H,C, Сон но 
4H* ÁN Hr - +НО 
HC "OCH,CH,0H HC Оснњсњон ^^ 
Н, 
HC. и HC, /Ó-CH, „  H,C, /0-CH, 
CXQCH,CHÓR <>” С <>” C 
7 22 SN 4H* SN 
H,C H,C —'0-CH, H,C O-CH, 


16.12 о“ 
о CO,C,H L CO,C,H 
1613 (9 үү жинон, аж 


Н 
А 
2 ома он 
-СН С-СН 
2CHMgl 3 мн, | ^ 
EU „ CH, —— CH, 
C 
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(b) Addition would take place at the ketone group as well as at the ester group. The 
product (after hydrolysis) would be. 


QH 
HO "CH, 
y^ 
“> OF 03-00 
9 07 0^ ~G-R O^ ~O-R 
+ H 5 


(b) Tetrahydropyranyl ethers are acetals; thus, they are stable in aqueous base and hy- 
drolyze readily in aqueous acid. 


Ht -ROH HO 
CL кыы » ^ n Э С) 
О O-R 94 6-8 О 
«е | + 


О 
| 
e ty CY <=” носн,СН,СН,СН,СН 
О Ó-H O^ “ОН 5-Hydroxypentanal 
H 


(c) HOCH,CH,CH,CH,Cl OCH;CH,CH;CH,CI 
—— Сү | 
Mg CH Ссн 
ЕБО O^ "OCH,CH,CH,CH,MgC] —^ < 


Ch io M 
NH 

О осы нинен OMEC “о” НЕНЕН ЕНЕН О 
2 


CH; CH, 


| 
(+ HOCH,CH,CH,CH,CH) 
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BF, ae 
16.15 (a) О + HSCH,CH,SH ---» 
S—CH, 
Raney Ni 
иг at с) + CH,CH, + NiS 


К Ni 
“= (Ось + CH,CH, + NiS 
2 


16.B1 Con 00; CH, £0, 
ie и 
nM. y т> н к= ——— 
* H- 
70,PO | “9 “О,РО | E 
22 22 
+N CH, +N CH, 
H H 
CH; „СО, 
CO, 
H—NAH 2 
T H pn 
нос E =>” “сё H,N—E 
Hn- а 
70,PO ( “9 70,PO | х? 
25 25 
n CH ы сн, 
H 
16.B2 CH,./| со; CH,. CO.” сн. CO, 
E—B 
Tert *N—H *N—H +N—H 
H—C <> НС => Н-С 
ОРО | ~ 70,PO ( (S a =0;РО ( | 8 
2 27 
IN CH, ҮН СН, | СН, 
H H H 
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НСІ, HjO 


О OH OH 
| ном 
16.16 (а) сн,йн => CH,CHCN — > CH, HCOH 


16.17 


reflux 
Lactic acid 


(b) A racemic form 


О 
И 
1) (СоН5зР - CqH,CCH 
(а) СНЛ POETA ECH P(C H.) ay C,H,C=CH, 
Н; 
li 
1) (СеН;)зР Ё СеН;ССН 
(b) СН,СН,Вг m, CH,CH —P(C,H,), IU, C,H,C=CHCH, 
Н, 
П нс 
- CH,CCH. 3 
(c) ICH PCH) ===> `с=сн, 
[from part (а)] H,C 
- + 
(d) :CH;-P(C,H;), > 
[from part (a)] 
| 
(1) (C4H3P 2 4 CH,CCH,CH, 
K T „ 
(e) CH,CH,CH,Br "сур  CH,CH,CH -PCH 
CH 
CH,CH,CH=CCH,CH, 
П 
(1) (СН5)зР зоо». C,H;CH 
(0 CH=CHCHBr буюу >” СНЕЕСНСН РОС Н); 2270». 
C,H,CH=CHCH =CH, 
П 
(0 (СН;)зР + C4H.CH 
(в) CH,CHBr ркц № CHCH PCH) = 
С,Н,СН-СНС,Н, 
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| та" d | 
16.18 (СЕН МР: + CHA Сун — H [= C—C wH 


% | ~, 
“2287 СН, (све 9 


Сена „СН; СН, „СН; 
исоб =H —— H»-C—C-4H 
mel 2 
(09:53:22) (C,H;);P* О 
C.Hs,, „СН, 
н“ Nu 
Zn OZnBr 
16.19 (a) (CH,),C=O + BrCH,CO,CH,CH, "benzene У (CH,),CCH,CO,CH,CH, 


OH 
|; Көй 
=> (CH,),CCH,CO,CH,CH, 


(b) { у= + BrCHCO,CH,CH, > “улина 
3 
A OR 
CHCO,CH,CH, 


CH, 


(1) Zn, benzene 


О 
(с) CH,CH,CH + BrCH,CO,CH,CH, OHO heat N 


| H 
CH,CH,CH,CH,CO,CH,CH, о Фрг- CH,CH,CH=CHCO,CH,CH, 
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16.21 The product is a lactone, formed as follows: 
0 ФОН 
НО 0-0-С-К НО OxOgC-R 


H—O, „O+ | 

RCOH МО ae O49 
=U 

(a lactone) 


16.22 сн, -O-CHCH; The isopropyl group has a greater migratory aptitude than 
CH, 
the methyl group. The mechanism is as follows: 


о“ О ОН О 
<< R pes" | | at 
CH,—C, + 19 o^. O—C—R <— CH,—C—0—0—C—R -«— —- 
(CH;3),CH | (CH,),CH 
О 
OH "OH = 
e -RCOH B 5t isopropyl 0 
CH; ae | -R — ——» СН; | LL A CH, -OCH(CHj, 
(CH,),CH (CH,),CH migration 2 
-Н 
16.23 (а) НСНО Methanal 
(b) CH,CHO Ethanal 
(c) С,ДН,СН,СНО Phenylethanal 
(d) CH,COCH, Propanone 
(e) СН,СОСН,СН, Butanone 
(f) СН,СОС,Н, 1-Phenylethanone or methyl phenyl ketone 
(в) C,H,COC,H, Diphenylmethanone or diphenyl ketone 
CHO 
(h) Q 2-Hydroxybenzaldehyde or o-hydroxybenzaldehyde 
OH | | 
СН,О СНО 
(i) O | 4-Hydroxy-3-methoxybenzaldehyde 
HO а 
0) CH,CH,COCH,CH, 3-Pentanone 
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16.24 


16.25 


(К) CH,CH,COCH(CH,), 
(1) (CH,),CHCOCH(CH,), 


(m) 


(n 
(o 


~ 


) $ 


(а) 
(b) 


(d 


~ 


) 


(с) 


(d) 


(e) 


(f) 


(g 


(h 


а 


) 


) 


~ 


CH,(CH,),CO(CH,),CH, 
CH,(CH,),CO(CH,),CH, 


C,H,CH=CHCHO 
CH,CH,CH,OH 
CH,CH,CHOHC,H, 
CH,CH,CH,OH 


О 
CH,CH,¢ -o 
CH,CH,CH=CH, 
CH,CH,CH,OH 
O—CH, 


4 
CH,CH,CK | 
O—CH, 


CH,CH,CH=CHCH, 


CH,CHOHCH, 
C.H,COHCH, 
CH, 
CH,CHOHCH, 


No reaction 


CH, 
cu,¢=cH, 


CH,CHOHCH, 


HC. 0—CH, 


C 
нс” сэ 


СН,СН ==С(СН,), 
ЭН, 

CH,CCH,CO, C,H, 
CH, 


2-Methyl-3-pentanone 
2,4-Dimethyl-3-pentanone 
5-Nonanone 
4-Heptanone 
3-Phenyl-2-propenal 
(i) CH,CH,CHOHCH,CO,C,H, 
G) CH,CH,CO;NH,* + Ар} 
(К) СН,СН,СН-МОН 


0) CH,CH,CH=NNHCONH, 
(m) CH,CH,CH=NNHC,H, 
(n) CH,CH,CO,H 

S—CH, 


РА 
(о) CH,CH,CH | 
S—CH, 


(р) CH,CH,CH, + CHCH, + №5 


G) No reaction 
(k) CHG =МОН 
CH, 


(D | CH,C-NNECONB, 
CH, 


(m) CH,C=NNHC,H, 
CH, 


(n) No reaction 


H.C 
С 8—9, 


MP S | 
ње“ “Сн, 


(p. СН,СН,СН, + CH4CH, + NiS 
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| О 
Ц сн, CH, 
16.26 (а) | (b) (Opec 
| NO 


2 


16.27 (a) 


AIC > 

©) + CH,CH,CH,COCI ле, О CH,CH, 

АІСЬ 9 
+ (CH,CH,CH,CO),0 — CH,CH,CH, 

(1) Li, diethyl ether . 
=————————» 

© = О Ohm 

Cl 
cxenendio „ „> (С), CH,CH, 


оъ 
(b) CH,CH,CH, 


СО)-өвоцнсн, 
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Ag(NH H,0* 
(b) (Ось метш, —> Он 
(с) (Oyon E у e 


[from (b)] 
ler 


Qu Qu ===> ОО 
=. OEO 9*0 
or 


О» Os. 0-0 


[from (c)] 


0 Я 
(e) (О) + (CH,),CuLi — (Оба, + CH,Cu + LiCl 


[from (c)] 


ИЙ осма, 
(0 (Ox н Que, Qa. 
H 
(в) 1 (1) (СН, СНСН,МєөВг ' 
LE > HCH,CHCH, 
CH, 
PB 
^ Ovum => ба 


[from (a)] 
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: Zn 
(i) e THOR” (Oar, 


[from (h)] 
or 


O= но HSCHCHSH 2 Raney Ni 
= ———— ] po 
2 su, © N 
2 


(k) i H Wo bi н (See problem 16.8 
H,"O* for the mechanism) 
Q (1) NaBD, 
0) (Оре H OHo ^ (O) non 
0 HCN Н 
(m) -Н —> HCN 
(a cyanohydrin) 
| он 
(n) (OQ NS y, (О) некон 
(ап охіте) 
(0) i + NNHC,H M y H =NNHC,H 
B 65 CH,COH Ё 65 


(а phenylhydrazone) 


(р) О + H,NNHCONH, > {СС)—сн=ххнсохн, 


(a semicarbazone) 


(a) Qs + (CH,),b CHCH=CH, —> (О) =н=снон=сњ 


(а Wittig reagent) 
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О 


il 
O лс CCH,CH, 
16.29 (a) О + снснба Ву 


О 


О 
M ОҢ 
C-C] CCH,CH, 
(b) ОГ + (CH,CH,),CuLi  —» О 
| c= асн 
(с) О! +  CH,CHLi дно „ on 


CHO em 57 
+ СН,СН,МєВг B нуу, О шин! 
oh 


(d) 


Q 
16.30 (a) (Ось ОН сна? Оч 
@ О SOCL | О | БАНОССНУЬ > ыг = 
(1)KMnO,, ОН" [siny in 
=сн 2-0-525, 


(1)KMnO,, OH [as in (b)] 
d = ————>» 
(Qu 


Q j- hexane, -78°C f 
(e) m (1)(i-Bu),AlH, | м 
(Ox oc, (він еце, TEC y н 
(f (1) G-Bu),AlH, hexane, -78°C Я H . 
= шш-3 шалт 222 = 
= (2)H,0 
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CH, 


OH О n 
H4CrO, 1) СН,М Н 
16.31 EL мыры ша OH Ж 
acetone (2) NH, heat 
i A B 


CH; ! 
(00; , осснсиснсн,сн,Ссн, 222%, 
— > 
(2) Zn, HOAc 29150115 3 “(Ht 
С р 
N ? 
НО-ССН,СН,СН,СН,ССН, 
Е 
О вюнсов. но ОН 
t 
1632. CH,CH E us MEL CH,CHCH,CO,Et -5> 
K 
H 1) DIBAL-H 
CH,CH =CHCO,Et —*> CH,CH,CH,CO,Et (I) DIB/ 
Pt (2) Н;0 
L M : 
` | 
CH,CH,CH,CH 
16.33 О. = “ра” 28 бин 


оов, 


The compound С-Н,О, is 3,4-dihydroxybenzaldehyde. The reaction involves hydroly- 
sis of the acetal of formaldehyde. 


OH 


CH, ы. CH,MgBr CH,CHCH, 
16.34 (a) Ee 
тб? оно" ? H,0* 


О 
| CH,MgBr (сн, ен, CH,CH,CH,OH с 
— A 
(b) (2) HO" CHCl Ny 
[from (a)] Co 
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.. + 
CH,Br CH-P(C,H;); | 
(1) (С6Н ЭР С,Н.СН-СНСН 
(c) ——— 
(2) СНА 


(a Wittig reagent) 


on -СН-СН "Ла 


| 
CHMsBr о - CHCHCH,CH, о 
(9) + H-CcH cH, НО А 


о Y 


(from (a)] || 
О 
i HOCH;CH;OH,H* P Mg 
16.35 BrCH,CH,CH,C -Н ——— — > ВеСН,СН,СН,СН E 
N 1,О 
А О 
O on 
BrMgCH,CH,CH ch кш ше CH, CHCH, CH, CHC —н 
d V иг аг (2)H,0°.H,O | 
B О С 
СН, 
О (DCH,OH > 
Ix 
OH 
(a hemiacetal) D (an en 


16.36 (a) (CH,),SO,, NaOH, ог CH,I, NaOH - 
Ї 3 


(b) PCC/CH,Cl, (с) Zn, BrCHCO,Et, then H,0* 


(d) ШАН, then H,O Intermediate is CH3O КО» CHO 
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О OCH, 
PCC — Auli, CHOH m 
16.37  CH;-CHCH,OH cH,” CH=CHCH ae CH=CH CH 
A B OCH, 
KMnO,, OH кш i 
nQ,, 7 Н.О* 
— — —» CH-CH-CH => —СН-СН 
cold, dilute ү: | | Н,О CH; n 
OH OH OCH, OH OH 
С Glyceraldehyde 


The product would be racemic as no chiral reagents were used. 


Өш Ө „Ө 


| | | * 
1638 СНС-С-н C—O + PC Сан 
CH,CH, HC CH,CH, ЮС CH,CH, 
R 
(R)-3-Phenyl-2-pentanone oO я (9, 


Diastereomers 


(1) 2 (C;H3;P 4 E b 
- 16.39 BrCH,(CH,),CH,Br DR ” (C HP —CH(CH,),CH —P(C4HJ, 
A 
CH, C 


о H, : 
CH,(CH,),,C =CH(CH,),CH=C(CH,), CH, RE 
B 


iu 
2 CH,(CH,), ССН, 
ee > 


И 
CH,(CH,), ,CH(CH,),CH(CH,), СН, 
С 


16.40 (a) Ag(NHj4,*OH- (positive test with benzaldehyde) 
(b) Ag(NH;),tOH™ (positive test with hexanal) 
(c) Concentrated H,SO, (2-hexanone is soluble) 
(d) CrO, in H,SO, (positive test with 2-hexanol) 
(e) Br, in ССІ, (decolorization with С,Н,СН--СНСОС,Н.) 
(0)  Ag(NH4),*OH- (positive test with pentanal) 
(g) Br, in ССІ, (immediate decolorization occurs with enol form) 


(h) Ag(NHj'OH- (positive test with cyclic hemiacetal) 
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16.41 Compound W is 


IR peak near 1715 cm! 


(1)KMnO,, OH”, heat 


Compound X is 


C [| 
~ О 
Itiplet 5 7.5 CH 
multiple {© / E Phthalic acid 
CH, triplet 8 2.5 


WH 
triplet 6 3.1 


=O 


16.42 Each 'H NMR spectrum (Figs. 16.4 and 16.5) has a five-hydrogen peak near 8 7.2, sug- 
gesting the Y and Z each has а СН; — group. The IR spectrum of each compound shows 
a strong peak near 1710 cm- !. This absorption indicates that each compound has a C=O 
group not adjacent to the phenyl group. We have, therefore, the following pieces, 


i 


If we subtract the atoms of these pieces from the molecular formula, 


СНО 
-С,Н;О (C,H, + C=O) 
We are left with, C,H, 


In the ІН NMR spectrum of Y, we see an ethyl group [triplet, д 1.0 (ЗН) and 
quartet, 6 2.45 (2H)] and ап unsplit СН, — group [singlet, 6 3.7 (2H)]. This means that 
Y must be 


| 
(02777 


1-Phenyl-2-butanone 


In the ЇН NMR spectrum of Z, we see an unsplit — CH, group [singlet, 2.1 (3H)] and 
two triplets at 6 2.7 and 2.9. This means Z must be 


Ova! 
Н,СН,ССН, 


4-Phenyl-2-butanone 
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16.43 That compound A forms a phenylhydrazone, gives a negative Tollens' test, and gives an 
IR band near 1710 ст! indicates that A is a ketone. The !?C spectrum of A contains only 
four signals indicating that A has a high degree of symmetry. The information from the 
DEPT C NMR spectra enables us to conclude that A is diisobutyl ketone: 


(а) (6) (од 
(CH,), CHCH,CCH,CH(CH,), 
(4) 


Assignments: 
(a) 622.6 
(b) 6244 
(c) 652.3 
(d) 6210.0 


16.44 That the ІЗС spectrum of B contains only three signals indicates that B has a highly sym- 
metrical structure. The information from DEPT spectra indicates the presence of equiva- 


| i 
lent methyl groups (CH, at 6 18.8), equivalent mic groups (at 6 70.4), and equivalent 


јео groups (at 8 215.0). These features allow only one possible structure for B: 


(a) 
CH, 


Assignments: 
(a) 618.8 
(b) 670.4 
(c) 8215.0 
16.45 Thetwo nitrogen atoms of semicarbazide that are adjacent to the C—O group bear partial 


positive charges because of resonance contributions made by the second and third struc- 
tures below. 


О О- o- 
HN -K-C-hn, <> HN -й=б-йн, <> HN -&—С=йн, 
H H H 


Only this nitrogen is nucleophilic. 
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16.46 Hydrolysis of the acetal linkage of multistriatin produces the ketodiol below. 


AQ 
H 
эж ОН: 9 
OH 


or MEN 


од 


The gem-diol formed in the alkaline hydrolysis step readily loses water to form the alde- 
hyde. 


16.48 


16.47 


| 
cH, —6 снсн, or its enantiomer 
H, 
16.49 The general formula for an oxime is 
OH 
\ и 
CN, 


Both carbon and nitrogen are sp? hybridized; the electron pair on nitrogen occupies one 
sp? orbital. Aldoximes and ketoximes can exist in either of these two stereoisomeric forms: 


(R)H OH RH 
\ / (R) \ е. 
CN, or С==М 
/ E / \ 
R R OH 


This type of stereoisomerism is also observed in the case of other compounds that pos- 
sess the C=N group, for example, phenylhydrazones and semicarbazones. 
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О 
16.50 ot а 
N a | ^ NaH 
o + (сво И У да. 
AcO Н 
H | га! 
О Rag Ao 
H 
+16.51 ВС H N 
i: di `o = =» ~ c^ +H 
NH, Imine o- 
mne торо“ 
Enz—N=PLP 2 
(see problem 16.81) +N CH, 
H 
ОРО 


Н 
= 
Imine z "m 
NH, ' exchange . O,PO 
with | E 
Enz—NH,; | 
(-Enz—N-—PLP) 37 СН, 
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*16.52 (а) O—H stretch at about 3300 cm ; C=O stretch at about 1710 ст" 


(b) о. ОН 


(Intramolecular hemiacetal 
from A) 


*16.53 СН,О 


CHO 
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ALDOL REACTIONS 


SOLUTIONS TO PROBLEMS 
17.1 | о | OH 
2,4-Cyclohexadien-1-one Phenol 
(keto form) (enol form) 


The enol form is aromatic, and it is therefore stabilized by the resonance energy of the 
benzene ring. 


нс O 
17.2 No. HC wr CCH, does not have a hydrogen attached to its a-carbon 
2 
Н,С 


atom (which is a stereocenter) and thus enol formation involving the stereocenter 


BON 9 
„-с—Ссн,СС,Н, the stereocenter is a В carbon 
Á 


H 
and thus enol formation does not affect it. 


is not possible. With HC 


173 In OD/D,O: 


CH, 20 СН, 20 DO Ке 
cH- + ор = сн—б—-с <> сн 047 
2-5 | x 25 д 7« 
н С, | C,H, b "c «Н, 
+ enantiomer 
In DO '/DjO: 
CH, 0-р Н,С 
^" 4D* 4 Н! 3 OD 
CH E + DO ж” CH зэ? =” с= 
CH; CH; H,C// C,H, 
+D* Н, 2 0-р ту СН, 2 О 
=” сн <> CH; mq + enantiomer 
D C,H, D CH, 


311 
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174 ЕО 2! 


ee 


H H 
E Protonation on trans-Decalone 
the bottom face 
H H 
О О 
H 
| 

H 

No bulky groups are 


A large group is 
axial in cis-decalone. 


17.5 The reaction is said to be “base promoted" because base is consumed as the reaction takes 


place. A catalyst is, by definition, not consumed. 


17.6 (а) The slow step in base-catalyzed racemization is the same as that in base-promoted 
halogenation—the formation of an enolate ion. (Formation of an enolate ion from sec- 
butyl phenyl ketone leads to racemization because the enolate ion is achiral. When it ac- 
cepts a proton, it yields a racemic form.) The slow step in acid-catalyzed racemization is 
also the same as that in acid-catalyzed halogenation—the formation of an enol. (The enol, 
like the enolate ion, is achiral and tautomerizes to yield a racemic form of the ketone.) 


(b) According to the mechanism given, the slow step for acid-catalyzed iodination (for- 
mation of the enol) is the same as that for acid-catalyzed bromination. Thus, we would 


expect both reactions to occur at the same rate. 


(c) Again, the slow step for both reactions (formation of the enolate ion) is the same, 


and consequently, both reactions take place at the same rate. 


О ; 
В а | Рика E 
177 (a) CH,CH,CH + OH жж CH,CHCH + НО 
2 | ME 
CH,CH, A 'CHCH <=> CH,CH,CHCHCH 
CH, CH, 
07 0 | OH 


| | 
CH,CH,CHCHCH + HO > cron cucu + он 


CH, бн, 


axial in trans-decalone. 
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OH О 
| 
(b) For CH,CH,CHCH,CH,CH to form, a hydroxide ion would have to remove a В. 


proton in the first step. This does not happen because the anion that would be produced, 
that is, ?;CH,CH,CHO, cannot be stabilized by resonance. 


О 
| 
(c) CH,CH,CH=CCH 
CH, 


OH 
Мао Н. 
118 cH,cHo =O сн,снсн,сно > CH,CH=CHCHO En] 


(aldol) 
СН,СН,СН,СН,ОН 
or ЈЕ 
17.9 (a) 2CH,CH,CH,CHO “Но” СН,СН,СН,СНСНСНО 
CH, 
CH, 


H | = (1) LiAIH,, E/O 
(b) Product of @ нс” СН,СН,СН,СН-ССНО (HO 


2 
CH, CH,CH,CH,CH =CCH,OH 


CH, 
H, CH, 
(c) Product of (b)— 9 СН,СН,СН,СН,СНСН,ОН 
D 
H, 
нь ОН 
(d) Product of (а) °С» СН,СН,СН,СНСНСН,ОН 
Н, 
i 


© 2000, Modulo Éditeur inc. / € 2000 John Wiley & Sons Inc. 


314 ALDEHYDES AND KETONES |: ALDOL REACTIONS 


: : ӧн CH, 
| = 
1710 cH,CcH=CCH, + на = cH, Фен – ен, +c ж” 


(shown in text) OH 


СН-4-СН-0-сН, + на 


2 «Он 
снесн, + на == CHCH, + а 


nos CH, CH, ӧн сн, 
н "^. i | р но-4-сн,-0- сн-4-сн, 
Н, бн Н; 
ли 0 i но (Hs 
<> но -ү-СН-6-сн-с-сн, x сн,с=енесн=ссн, 
| бн; H 2,6-Dimethyl-2,5-hepta- 
dien-4-one 


17.11 Drawing the molecules as they will appear in the final product helps to visualize the 
necessary steps: 


r--- 


усну 


(с ЗОН, 7 
“ bá М 


Mesitylene 


The two molecules that lead to mesitylene are shown as follows: 


“СН This molecule (4-methyl-3-penten-2-one) is formed 
CH, | by ап acid-catalyzed condensation between two 
molecules of acetone as shown in the text. 
AS “сн, 4 


© 2000, Modulo Éditeur inc. / € 2000 John Wiley & Sons Inc. 


ALDEHYDES AND KETONES Il: ALDOL REACTIONS 315 


The mechanism is, 


2 B 

CH, CH, O w H 

E bouis а 

бн, бн, P 
3 


PCC Я Propanal 
17.12 H jron cuo AH OMS —or » 


СНО Lily aldehyde (СН О) 
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"з (О 


1 
СН 


17.14 Three successive aldol additions occur. 


First 
Aldol 
Addition 


Second 
Aldol 
Addition 


Third 
Aldol 
Addition 


О О 
| : | 
снен + о == снн + HO 


О О 
| || 
HCH + -CHH T> `ОСН.СН.СН 
Ко = 


О 
: || > | 
OCH,CH,CH + НО <= HOCH,CH,CH + ОН: 


О О 
| = Il 
HOCH,CH,CH + OH” <= носнёнён + но 


zo -9 CHO 

HCH +“ Носњенен æ> HOCH,CHCHO 
CH.O CH,OH 

HOCH,CHCHO + НО >  HOCH,CHCHO + OH 


CH,OH CH,OH 
HOCH,CHCHO + OH === НОСН,С-СНО + HO 


eO CH,OH CH,OH 
| 5 зо ¢ 
HCH + HOCH,C-CHO => HOCH;-C-CHO 
AM 5 
СН,О 
СН,ОН CH,OH 


HOCH;-C-CHO + но <> HOCH;-C-CHO + OH 
CHO HOH 


+ CH,CHO IDEO, beaty ()-сн=сисно 
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1715 (а) CH,COH + BF, 4 CH,CO.BF, + H* 


uS 
=” Ci — 


Pseudoionone 
аваг” &-Ionone 
LX 
(b) In f-ionone both double bonds and the carbonyl group are conjugated; thus it is 
more stable. 


(c) В-Іопопе, because it is a fully conjugated unsaturated system. 


О О ` 
| 
1716 (а) ©) + CHO, dil OH „ > CH—C-NO, 
2 H, 
О 


| 
(b HCH + CH,NO, 095 носнсндо, 


са T 
1717 (à ":CHECEN: <» CHgC-N: 


ecd 


(b Снрсем: ©” [-:cH-C=N: <> снес= | + EtOH 


p О: 9 Н 
C—CH;-CEN: 
3 \ EtOH 
(eu A + ICH CEN: — H a> 


OH 


[ 
CH-CH;—CEN: СН-СН-СМ 
ОЈ heat О 
Ho! 
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- 
l- 


H 
о о о 05 
748 cH,C(cH),CH 2 эсн/((сно/Н —» Bis Nou, 
еы NZ 


fi 
OH 

-H о 
HO 2” -H,O 
—> (сӣ), XH, --» 

Ху 

С 

i О 

О 


О О О 
| и он T il 
CH,CCH,CH,CH,CH,CH — CH, аи 


Н.С 9 О HC H | CH, О 
ч! С-Н С-Н 
вх HO но 


HC CH, 
17.49 (a) 9 (>) ch (б) CH, 
ZN нэ № ^ 1 
idi les О Де н CH;-C—CH, 
A 2 
HC <” сн с” H,C——CH, 
CH | 
3 О 


Notice that starting compounds are drawn so as to indicate which atoms are involved in 
the cyclization reaction. 


17.20 It is necessary for conditions to favor the intramolecular reaction rather than the inter- 
molecular one. One way to create these conditions is to use very dilute solutions when we 
carry out the reaction. When the concentration of the compound to be cyclized is very low 
(i.e., when we use what we call a “high dilution technique"), the probability is greater that 
one end of a molecule will react with the other end of that same molecule rather than with 
a different molecule. 


О O Lit О 
17.21 : ОН 


LDA, CH; denda CH; CHCH, 
(a) (2) H,O 


Kinetic enolate 
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9 


i ош бей. о он 
(b) CH,CH,CCH, py CH,CH,C =CH, свн CH,CH „бсн,Снс,н, 


Kinetic enolate 


mu ache 9 A 
- 3 2 ] 
(с) CH,CHCCH, ==» CH,CHC CH, оно > CH,CHCCH,CHCH,CH, 
CH, CH, CH, 
Kinetic enolate 
O Lit 9 
(1) CH,CH 
d = CH,CH=CHC=CH. 3 
(d) CH,CH= PE NEN "B тэр" 


CH,CH=CHCCH,CHCH, 


о 
Н, сы (pcm бсн, 
=CHC=CH, 
(2)H,0 ч 
| CH, 


17.22 (a) ae ulum ээ Шан 
OH 


CH, 2 


a-Bisabolanone 


о H ОН 
= И 
CH, о фен, Sen 
(b) сн,б=снб=сн, о 
(2) H,O 
[prepared in (a)] CH; ( 0 
Ocimenone 
17.B1 . 
Ó ссн, N(C4Hj), 
Step 1 + FN(C,H,), —> + (CH,),SiF 
осно, о ONC, Hy, 
CHC,H, 
Step 2 + neu çH — 
o Rc, 


НС, jd 
HO 
крз — + (C,H,),N OH 
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LDA, THE О О 
Oe CH,I 
1723 (а) C | A 7A | | 
Сш 1 


O Li* 
(b) | оо aan o5Li*o-Li* 
> 
AA OCH, c М oon 
2 
(CH3)Si | 
о о хай о ои 
Pw wt € Pu Ч 
(CH,),Si (CH,),Si~ 
О O3Li* о 
1724 CH, CH, oN сн SeC,H, 
LDA Сене — Br 
Kinetic enolate 
О 9; О 
сн, S Se CH, 
HO, Ww. 2 — + С;Н;ЅеОН 
H 
Q О 
17.25 (а) СН, | СН, 
Н «он => 
О О 
СН р CH, о " 
Я | ! 
+ „снин. -CH, =>” CH;-CH--C-CH, =” 
: i 
Q H, О сн, 9 сн, 
HCH,  H, 
ту» 
si m о №“ 
О 
CH, "CH, О 
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О 
? H, H, 
H’ -H,O 
BET | 
О О 
ОН 


(b) 2-Methyl-1,3-cyclohexanedione is more acidic because its enolate ion is stabilized 
by an additional resonance structure. 


сС-сс-сс 
Ое сї 
pes 


О 
|__ | 
CH CCH, + C;H,CH =CHUCH, <> сн ~CH=CCH, 
йн 


2 
CH, dn 


П 
С,Н,СНСН,ССН, 


ЈЕ + 
[о 


ШИШЕ: 1 
17.26 (a) C,H,CCH, <> cH, CH, Г 
+ 
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Н H 


+ 
® = [|] 
C3 <T 


à Cd 
+ C,H,CH =снісн, <>  CHQH-CH-CC, 


|= 


| 
C,H,CHCH,CC,H, 
05 
— n8 uec 
"M i 2 
1727 нн, + ннн aes, | ČZ > 
H, ET „№, 
| 
o OH H 
р Е — -H,O | 
#71 P ич 
Н 
| | ` | 
H H H 
OH OH 
1728 (а) CH,CH,CHCHCHO ©) (С)-сн=с-сно (c) CH,CH,CHCN 
CH, CH, 
| О О 
А CH, i 
(4)СН,СН,СН,ОН (e) CH,CH,CH Е: (f) СН,СН,С-ОН 
oH 
Је | 
(в) CH,CH,CHCH, (h) CH,CH,C —OH G) CH,CH,CH=NOH 
OH OH 


| 
(3) СН,СН,СН-СНС,Н, (k) CH,CH,CH-C.H, (1) CH,CH,CHC=CH 
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(m) CH,CH,CH, 


CH, 0 
17.29 (а) CHC —CH,CCH, 

OH 

OH 


| 
(d) CH,CHCH, 


OH 
(g) CH,CCH, 
CH, 
HC. 
GQ С=снсн, 
H,C 


(m) CH,CH,CH, 


17.30 (a) њо-((О)у-снеснсно 
OH 
(c) нс-С)-Өсноєн, 
О _ о 
| n 
(e) HO-C —OH 
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OH 
(n) CH,CH,CH—CHCO,Et 
Н,СН, 
ї 0н 
(b) C;H,CH —CHCCH, (с) CH;CCH, 
CN 
HC. ph 
(e) Z^ (f) No reaction 
HC O—CH, 
NOH 


а | 
(h) No reaction (i) cu,CcH, 


OH OH 


(k) CHOCH; (1) CH,CC =CH 
CH, CH, 
HO СН,СН, 
(n) CH e — CHCOJE 
CH, 


OH 


(b) нс-(СС)-бксьссн, 
О 

(d) нс-()-6-он 

(D њс-(С)-сн=св, 


о E sl 
(в) нс-(С)-сн=он- (О) (b) њо-((О)-бн-сне-ов 
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о О 
| I! 
17.31 (а) (О-оо + СН-С-сєснэ, => “С)-ен-сн-ё-асну, 
dil OH. | 
О 
ону, H, 
(c) CHO + CH,CH,NO, aps —NO, =] 


CH,CH -NH, 
H, 
(d) dil OH, OLAH, E40 > ЕСО 
но ” 
Ра ~ 
HC `0 jm poe 
(e) сњо-(())-сно + CH,CN DE Vr 
0 аон: ү 
(f) 2СН,СН,СН,СН, сн ==» СН,СН,СН ;CH,CH —CH(CH,),CH, Si» 
OH 
CHO CH,OH 


! (1) LiAIH,, БО і 
CH,(CH,),CH =C(CH,),CH, ‘уно CH(CH)CH-CCH);CH, 


«03-20 = 03-0 
uum ох. ој = Raney Ni > "Ө O 
3 
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сњ oe 
9 OH 0 РАСТЕ: CICH, 
17.32 C.H, CH,CH, C cae -СНСН, РЕ 
CH, CH, i, 
ње“ dd AH 40 С” НС 
4 “сон, — | “сун, он. ЈЕ Cs 
H,C^ Хү Н, Н.С В gc «c CH 
й j 
uon ^ б? О О 
CH CH CH 
! 3 з oH | 3 eu 
Р H H 6:55 
C~ HO 65 ЊО 
—ф | CH, — —> 
H,C~ ой Н, Н,С H,C 
Ó 
CH O CH 
- (1) NaNH, 3 Нр", H,0* 3 
= ===> =O Exo 
1733  HC-CH “QycH,cocn, НСЕС сон “ноо? CHC С OH 
(3)NH,CVH,O A CH в OS 
Q CH 
С.Н,СНО n rr? 
I {С))—сн=сн-©-с-он 
CH, 
[o 


17.34 (a) The conjugate base is a hybrid of the following structures: 
0. : 0 9 
"CH;CH-CH-CH 4> СНЕСН-СН-СН <_ СН-СН-СН-Он 
l 


This structure is especially 
stable because the negative 
charge is on the oxygen atom. 


Ht 
(b) CH,CH =CHCHO <= ЭКСН,СН =CHCHO 
+ 


О 
| 
CH,CH -CHCH + 2СН,СН-СНСНО <— 


A 


йа ОН 
i E | 
CjH,CH =CHCH—CH,CH -CHCHO «22: CjH,CH =CHCH—CH,CH =CHCHO 


22» CH,CH =CHCH=CHCH=CHCHO 
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[01 NN 


17.35 
(2) Zn, HOAc 


ER. > ad 
“гаар СН 


| 
о OO бана” d 
си condensation) 
(D QO, o» — base у 
(2)Zn, HOA Zn, HOAc "dol ^ 
COR» 
(1) ONO Р Ч 
Naso,” Na,SO, 
H, CHO H, 
bae > 
“aldol 
umm 
CHO 
Si -CH 1. БЭ ON Sy 
№. condensation) N 


eum H, 


EE I ЗЭРГЧ 
“Gestion 226D 22.6D) 


19 


17.36 (а) In simple addition, the carbonyl peak (1665-1780-cm ! region) does not appear in 
the product; in conjugate addition it does. 


(b) Asthe reaction takes place, the long-wavelength absorption arising from the conju- 
gated system should disappear. One could follow the rate of the reaction by following the 
rate at which this absorption peak disappears. 


17.37 (a) Compound U is ethyl phenyl ketone: (b) Compound V is benzyl methyl ketone: 


о, — 1690 сиг! Q1 1705 cnr! 
(Ocon, (year ten, 
пи хээ Зе. “т? 


Y $3.0, 1.2 Y $3.5 62.0 
$7.7 67.1 
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О 

И 
17.38 A is CH,CCH,CH(OCH,), L 
NaOH 


CHI 


О 
cu,CcH,CHOCH,), 
нө 


оо А о OQ 
сн,Ссн,Сн мэ» Аз] + cH, c, do 


АМН) "ОН" 


no reaction 


(a) Singlet 8 2.1 (c) Triplet 6 4.7 
(a 9 (b) (c) (d : ын 
CH;-C—CH;-CH(OCH,), (b) Doublet 8 2.6 (d) Singlet 8 3.2 


17.39 Abstraction of an а hydrogen at the ring junction yields an enolate ion that can then 
accept a proton to form either trans-1-decalone or cis-1-decalone. Since trans-1-decalone 
is more stable, it predominates at equilibrium. 


H О | О о 
Вг Y 
<> 
CH) 

H H 

H О 
+H", " 
H 
(95%) (595) 
trans-1-Decalone cis-1-Decalone 
(more stable) (less stable) 


| 2) RLi 
17.40 (a) CH,OCH,Br + (Cy TU,  cuocu-P(C,, 


(b) Hydrolysis of the ether yields a hemiacetal that then goes on to form an aldehyde. 


pu " fic 
$ 
сно-(О)-С=сносн, <> сњо-((Сју-сн-снедсн, 
+H,O CH, Ht qH, 
> сно-( С}ў-—с H-CH-—OCH, €> сно-()-0н-сносн, 
Но n +H" | 
ОН, ОН 
(hemiacetal) 
CH, єн, 
<= CHO Н-С-Н 
+CH,OH | 
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17.41 


17.42 


17.43 


О CHOCH, н 
(с) CY + CH,OCH=P(C,H,), — ж” 
+O 
н, ie 
СН-ОСН, _+90 зон 
= =” 
CT -Н.О Si +H’ 
он Ө 
CH-OCH, +сн,он CH 
Ө! =, 
| -CH,OH 


(a) The hydrogen atom that is added to the aldehyde carbon atom in the reduction must 
come from the other aldehyde rather than from the solvent. It must be transferred as a 
hydride ion and directly from molecule to molecule, since if it were ever a free species it 
would react immediately with the solvent. A possible mechanism is the following: 


-09-0, 


о 
| 
© 
| 
5 


© 
= 


о 
2 
| 
о 
5 


m 


(b) Although an aldol reaction occurs initially, the aldol reaction is reversible. The Can- 
nizzaro reaction, though slower, is irreversible. Eventually, all the product is in the form 
of the alcohol and the carboxylate ion. | 


This difference in behavior indicates that, for acetaldehyde, the capture of a proton from 
the solvent (the reverse of the reaction by which the enolate ion is formed) occurs much 


' more slowly than the attack by the enolate ion on another molecule. 


When acetone is used, the equilibrium for the formation of the enolate ion is un- 
favorable, but more importantly, enolate attack on another acetone molecule is disfavored 
due to steric hindrance. Here proton capture (actually deuteron capture) competes very 
well with the aldol reaction. 


TsO 


HO 
HO,C МАН, TsCl А. 
Базе base 
/ / / 
A B 
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КСО,Н Lewis 
зо) > (0 Do ла ae! 
| O 


С р 
Multistriatin 
0 
17.44 Xis: {С)-сн=сн-б-сн=сн-(СУ 
СС) сэ» 
*17.45 . TÍO—Si - CH CH,—Si К 
ын | ` B +. а 
з 9: OH 3 OY 
—> H —______» 
WAL У - 
CH; CH; removal and 
hydride migration 
СНУ: 
CH;—Si. .. 
3 152: о 
CH; 
ТН 
СН, 
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1 8 CARBOXYLIC ACIDS AND THEIR 


DERIVATIVES: NUCLEOPHILIC ADDITION- 
ELIMINATION AT THE ACYL CARBON 


SOLUTIONS TO PROBLEMS 


18.1 


18.2 


18.3 


18.4 


(a) 2-Methylbutanoic acid 

(b) 3-Pentenoic acid 

(c) Sodium 4-bromobutanoate 
(d) 5-Phenylpentanoic acid 
(e) 3-Methyl-3-pentenoic acid 


Acetic acid, in the absence of solvating molecules, exists as a dimer owing to the forma- 
tion of two intermolecular hydrogen bonds: 


“0---Н-0 

7 N 
Н,С--С C—CH, 

М 4 

0-Н---0, 


At temperatures much above the boiling point, the dimer dissociates into the individual 
molecules. 

(a) СН,ЕСО,Н (F- is more electronegative than H-) 

(b) CH;FCO,H (F- is more electronegative than С1-) 

(c) CH,CICO,H (С1- is more electronegative than Br-) 

(d) CH,CHFCH,CO,H (F- is closer to -CO,H) 

(е) СН,СН,СНЕСО,Н (F- is closer to -CO,H) 


(f) (CH,),N -С)-сон [(CH,),N- is more electronegative than H-] 


(g) CF, -О)-сон (СЕ,- is more electronegative than СН;) 


(a) The carboxyl group is an electron-withdrawing group; thus, in a dicarboxylic acid 
such as those in Table 18.3, one carboxyl group increases the acidity of the other. 


(b) As the distance between the carboxyl groups increases the acid-strengthening, in- 
ductive effect decreases. 


333 
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i 
18.5 (a CH,CH,C-OCH, 


n. d 
(c) СН,О-ССН,С-ОСН, 


(e) CH,CH,CH,CH,C=N 


(h) H-C-N(CH,), 


ОҢ 
_ н,с-С-ОСН,СН, 
GO “I 
Н.С-с-осн,сн, 


О 


(а) (Сесе 


18.6 
(2) H,0* 


(1) KMn0,, OH , heat 


О 
[| 
(b) ON -О)-с-оснн, 
0 
(8) (Qnn, 


О 
1| 
Н-с-С-ОСН,СН,СН, 


в) |l 
н-=—є—осн,сн,сн, 
О 


О 
| 
(i) CH,CHC —Br 
Br 


0 
(Qor + CO, 


| О : 
M CO, ti н.о 
(b) Он ты” e =» (С) боми = 


(ЮС Маон 
(2) Н,0* 


О 
(с) (О) —— № 


(d) С)-снсн, 

(e) 2 
f 

D (Qr 


(2) H0* 


(2) H40* 


(2) H,0* 


(1) KMnO, OH , heat 


(1) KMnO, OH , heat 


(1) KMnO, OH 


0 
ок 
0 
(О) + CHCI, 
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18.7 These syntheses are easy to see if we work backward. 


1) со M 
(а) CH,CH,COH олноо CH,CH,MgBr e C,H,CH,Br 
CH, CH, CH 
"m: аусо, Mg Д 
(P) CH,CH,CH,CCO,H <> + CH,CH,CH,CMgBr 45 CH,CH,CH,CBr 
2 
H, CH, | CH, 
(1) CO, Mg 
(с) CH=CHCH,CO,H ‘oH CH;—CHCH,MgBr Xi CH=—CHCH,Br 
2 
сон «299: нс MgBr «М 
(d) Н.С 72 (2) НЫ 3 8 EO х 
H,C Br 
(1) CO, 
(е) CH,CH,CH,CH,CH,CO,H_ үү CH,CH,CH,CH,CH.MgBr 
Wig 
Mg 
СН,СН,СН,СН,СН,Вг 
18.8 cHcHcoH «22 C,H.CH,B 
8 (8) CHCHCOH 4 унт Ho, heat “SS 
CH=CHCH,CO,H шин CH;-CHCH,B 
<< 
pos СН”, HO, heat син 
(1) CN" 
CH,CH,CH,CH,CH,CO,H CH,CH,CH,CH,CH,Br 


(2) H*, H,O, heat 


(b) A nitrile synthesis. Preparation of a Grignard reagent from НОСН,СН,СН,СН,Вг 
would not be possible because of the presence of the acidic hydroxy] group. 


18.9 Since maleic acid is a cis dicarboxylic acid, dehydration occurs readily: 


О 
| ЈЕ 
Н C—OH H C 
“с ИРЕ “с \, 
| —- | ^ + HO 
O O 


Maleic acid Maleic anhydride 
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Being a trans dicarboxylic acid, fumaric acid must undergo isomerization to maleic acid 
first. This isomerization requires a higher temperature. 


0 | 0 
НО- H H C—OH H C 
“с^ T ~< но ~“ х 
| —> | —— | P. 
H^ `с-он i: di `с—-он H^ “с 
О О О 


Fumaric acid 


18.10 The labeled oxygen atom should appear in the carboxyl group of the acid. (Follow the re- 
verse steps of the mechanism in Section 18.7A of the text using H,'80.) 


О он 
2 Ён H сон 
181 CHzCHC; => снеснс“ х» € 


\ -CHOH 
OCH, OCH, ™ ÓCH, 
+ 
| _ вон. 40H ын 
z> снрснё-осд, «СО» хоо» снеснс“, <= 
4СН,ОН +H" 
«Осн, оса, B 
4 
H снеснс“ 
OC,H, 


18.12 1 
99 KA ма —> 2) 2-1 
H, H SO,C,H, 
OH 
СА + со, 
Н, 
B 


О 
(2) A + снб-а —> A 
H, H H, : ps 
ОН , heat = 
—— > СА j C4H.CO, 
(reflux) 
H, H 


D 


© 2000, Modulo Éditeur inc. / © 2000 John Wiley & Sons Inc. 


18.13 


18.14 


CARBOXYLIC ACIDS AND THEIR DERIVATIVES 337 


H О H 
N M- Пи 
(3) Br + CH,CO. ма? (inversion) > CH,CO—C..,, 
| 
CH " 1 1 “СН, 
СН, Е СН, 
Н 
ОН”, heat / 
(reflux) OC ny 
1 C,H); 
F CH, 
OH’, h 
(4) C— Br со " 
i" ‚ (inversion "n 
C Hj 1 \ "Сен, 
CH, F CH, 


(b) Method (3) should give a higher yield of F than method (4). Since the hydroxide 
ion is a strong base and since the alkyl halide is secondary, method (4) is likely to be 
accompanied by considerable elimination. Method (3), on the other hand, employs a 
weaker base, acetate ion, in the 5,2 step and is less likely to be complicated by elimina- 
tion. Hydrolysis of the ester E that results should also proceed in high yield. 


(a) Steric hindrance presented by the di-ortho methyl groups of methyl mesitoate pre- 
vents formation of the tetrahedral intermediate that must accompany attack at the acyl 
carbon. 


(b) Carry out hydrolysis with labeled !8OH- in labeled H,!8O. The label should appear 
in the methanol. 


ОН” 5 
| но“ СоН;СО, + (CH,CH,),NH 
(a) C,H,CIN(CH,CH,), 
Ht 
"M (CH,CH,),NH, 


f 
О 'OCCH,CH,CH;CH,NE, 

(b) X Q 
HOUCH,CH,CH,CH,NH, 
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НӨ "O,CCHNH, + "O,CCHNH, 
! СН, CH. 
(c) HO,CCH -NHCCHNH, | OH, 
CH, CH, H + + 
| сн HO;CCHNH; + HO;CCHNHs 
655 HO | | 
СНз Га. 
СН, 


SOCI, NH, 
18.15 (а) (СН),ССОН 2-2» (CHj,CCOCl —3 (CHj,CCONH, 


РО 
—— » (CH,),CC=N 
heat 


(b) An elimination reaction would take place because СМ is a strong base. 


CH 
£a Lass Кн, E 
CN + H Пеј — >» HCN + CHIC + Br 


| он 
CHOH O=C=N CH,O-C-N 
1816 (9) ОГ . © — ОГ © 


О О 
| | = 
(b Ci-Ü-Cl + 4CH,NH, —> CH,N-C-NCH, + 2CH,NH, + 281 
H H 


0 О 


Ї | 
HO-C-Cl!  , ЭР” CH,O-C-NCH,CO,H 
(c) - + HNCHCO, = H 
+сү 


О 


| 
СН,ОСМНСН,СОН н А _ CH, 
(4) O mi H,NCH,CO, + CO, + ОГ 
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О 


i 
CH,OCNHCH,CO,H - 
(e) О — — Н,МСН,СОН + CO, + 


СН,СО,Н 
О 


i ОН, H,O T 
(f) HN-C-NH, e m 2 NH, + CO, 


18.17 (a) By decarboxylation of a B-keto acid: 


о 0 
| il 100-150°C Ц 
CH,(CH,),CCH,COH - 9% ь cHyCH,),CCH, + co, 


(b) By decarboxylation of a substituted malonic acid: 


CO,H 
100-150?C : 
CH,CH,¢ -coH —— 7 —* CH,CH,CHCO,H + CO, 
CH, CH, 


(c) By decarboxylation of a В-Кею acid: 
o О 


{| 9 
ОН 100-150°C 
----» - СО, 


(d) By decarboxylation of a substituted malonic acid: 


ОН 100-150°С 
CH,CH,CH,CH == CH,CH,CH,CH,CO,H + CO, 
CO,H 


18.18 (a) The oxygen-oxygen bond of the diacyl peroxide has a low homolytic bond disso- 
ciation energy (DH? = 146 kJ тої !). This allows the following reaction to occur at a 


moderate temperature. 


О О 
T 
в-б—-о-о—С—к —» 2Кк—С—0О* AH? = 146 КІ mol ! 


(b) By decarboxylation of the carboxylate radical produced in part (a). 


О 
Ё-0-04 —> в. + CO, 
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(с) Chain Initiation 
Step 1 ETE heat „До, 
Step 2 к-0-0» --Р R» + CO, 


Chain Propagation 


Step3 Re + CH=CH, --» RCH,CH,° 


Step 4 — RCH,CH,* + CH=CH, ——> RCH,CH,CH,CH,* 


Step 3, 4, 3, 4, and so on. 


18.19 (a) CH,(CH,),CO,H (b) CH,(CH,),CONH, 
(c) CH,(CH,),CONHC,H, (d) CH,(CH,),CON(C,H,), 
(e) CH,CH,CH=CHCH,CO,H (f) CH,CH=CHCH,CHCO,H 
CH, 
ОН 
(в) НО,ССН,СН,СН,СН,СО,Н (8) 
OH 
CO,H CO,H 
(i) Q G) Q 
CO,H 
COH 
(к) C,H,O,C—CO,C,H, (1) C,H,O,C(CH,),CO,C,H, 
CO,H 
(m) CH,CH,CO,CH,CH(CH,), (n) 
HOC, дон 
(о) p= (p) HO,CCHOHCH,CO,H 
H ë 
HOC, ЖН 
(q) =, (г) HO,CCH,CH,CO,H 
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C 
($) 1 NH (t) HO,CCH,CO,H 
Н, — 


(и) C,H,O,CCH,CO,C,H, 


(а) Benzoic acid 

(b) Benzoyl chloride 

(c) Benzamide 

(d) Benzoic anhydride 

(e) Benzylbenzoate 

(f) Phenylbenzoate 

(в) Isopropyl acetate or 1-methylethyl ethanoate 

(h) N,N-Dimethylacetamide or N,N-dimethylethanamide 


0) Acetonitrile or ethanenitrile 


(1) KMnO, OH , heat 
а) СІ CH, фа CO,H 
(2) H0 
NBS NaCN 
(b) с-()-в, — TOR С» 
н.о", HO 
TORG > «(Оскол 
eat 


О 
(1) SOCI, п HCN 
2» 

4 с-(О)-он C)LiAIBIOC(CH)]; (Os mid 


[from (a)] 
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О 

О (1) SOCI, | кх 

d) CI СН,СО.Н ———————— СІ ===> 
(4) 277?  Q)LiAIH[OC(CHy4], || © асан 


[from (b)] 
H 


OH H,0°,H,O à 
CI CH,CHCN ——— |С1 CH,CHCO,H | —9 
с-(С) -си-сксон 


В МаОН 
18.22 (a) НС-СОН => СиВг-сонН “> cH,Br—co,Na D 
CH;-CO,Na es, HO,C—CH;-CO,H 


CN 


(1) KMnO,, OH , heat 


(b) HO-CH;-CH;-CH;-CH;-OH 


(2) H,0* 
OH 0 
( CY (1)KMnO,, OH, heat C—OH 
T 
» (2) HO* C—OH 
Ó 
1) KMnO,, OH , heat 
18.23 (a) CH,CH,CH,CH,CH,OH == == : “ЭЭ. CH,CH,CH,CH,CO,H 
3 
(1) Mg, EO њо’ 
(b CH,CH,CH,CH,Br „со, CH,CH,CH,CH,CO,MeBr EE" 
2 
CH,CH,CH,CH,CO,H 
CN НО", H,O 
CH,CH,CH,CH,Br ——> CH,CH,CH,CH,CN ———— 
CH,CH,CH,CH,CO,H 


1) KMnO, OH , heat 
(c) CH,(CH,),;CH =CH(CH,),CH, отк 2 CH(CH,,CO,H 
3 


1) AKNH4,'OH 
(d) CH,CH,CH,CH,CHO ono CH,CH,CH,CH,CO,H 
3 


О 
1 
НО-С-сН,-СН,-0-он 
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18.24 (а) СН,СО,Н + HCI 


(с) CH,CO,CH,(CH,),CH, 


CH, о 
„© oO 


CCH, 
Ó 


(в) CH,COCH, 

(i) CH,CONHCH, 

(k) CH,CON(CH,), 
(m) (CH,CO),O 

(о) СН,СО,С.Н, 


18.25 (а) СН,СОМН, + СН,СО, NH,* 


(b) 2CH,CO,H 


(c) CH,CO,CH,CH,CH, + CH,CO,H 
(d) C,H,COCH, + CH,CO,H 


CARBOXYLIC ACIDS AND THEIR DERIVATIVES 


OH 


| 
(b) CH,C(CH,CH;), 


(d) CH,CONH, 


(f) CH,CHO 


(h) CH,CO,Na 
(j) CH,CONHC,H, 
(1) CH,CO,CH,CH, 
(n) (CH,CO),O 


(р) BrCH,COCI 


(e) CH,CONHCH,CH, + CH,CO, CH,CH,NH,* 


(f) CH,CON(CH,CH,), + CH,CO, (CH,CH,),NH,” 


18.26 (a) CH, 


CO,CH,CH,CH, 
(c) CH 
C 
Є 
сон 
СОМНСН,СН, 
(e) Cb 
“р 
CO, CH,CH,NH,* 


„Сон 
® ch, 
qi 
COH 
1 
(4) сн 
CH, 
TH, 
COH 
FON(CH;CHj, 
(D CH, 
qi 


CO, (CH,CH,),NH,* 
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See text, p. 677. 


SOCI A 
18.27 — — 
O O 
Cl 
(1) CH, MgBr H NBS , 
(2) МН,С1 heat 


18.28 (a) 


18.29 (a) СН,СН,СО,Н + СН,СН,ОН 

(b) CH,CH,CO, + СН,СН,ОН 
(c) CH,CH,CO,(CH,),CH, + СН,СН,ОН 
(d) CH,CH,CONHCH, + CH,CH,OH 
(e) CH,CH,CH,OH + CH,CH,OH 

CH, 
(f) CH,CH,C —C,H, + CH,CH,OH 

OH 
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18.30 (а) СН.СН,СО,Н + NH,* 
(b) СН,СН,СО, + NH; 
(c) CH;CH;CN 
18.31 See the mechanisms in Section 18.8F, where В = СН,СН, for propanamide. 
Hee 
18.32 (а) | `с= (b) CH,CH=CHCO,H 
H,C——O 
Q, iP 
C—O СНС 
(c) CH,CH Ч Хенсн CH (d) H « Y 
c 
| i d m | tu d 
UN 2“ 
S % 
C а 1 
"d ын хун 
(е) Н, МН (f) | 
СН,-СН 2 
СН, 
CH, CH, сн, 
18.33 Е мН Н 5 CN 
"n ке = TsCl, pyridine iis E CN" MC = 
CH, (retention) CH, (inversion) CH, 
H, CH, j Н, 
(R)-(—)-2-butanol 
CH, CH, 
H,SO,, HO СОН уң, eoe CHOH 
(retention) бн, (2) Н,О CH, 
| (retention) d 
Н, Н, 
(+) С (-)D 


345 
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CH, 
(b) HOn uH РВ 
4 pyridine 
H, (inversion) 
Н, 
(R)-(-)-2-butanol 
CH, 
HO,Cm ё Н 
H,SO,, ЊО 
(retention) pa 
ин 
(2€ 
CH, 
(с) ТОМАМН | снсо;. 
H, (inversion) 


CH, NE 
Ны авг CN" mi АН 
4 (inversion) = 

H, H, 
бн, da, 
E F 
e 
a) Liaig,, HOCH ье pu 
Q) H,O 
(rétention) ji 
H, 
(+)D 
сн, 9 a; 
Нь. 5.4ОССН, 5 «ОН 
Он, TT Es 
H H 
: сэн 2? 


(S)-(+)-2-butanol 


CH, CH, 
(d) CHOH pp 5 M ACHBr м 
(retention) diethyl ether 
H ii Сш 
Н, Н, 
(2D J 
qu сн, 
Нь. 6 CH, MgBr а) со, Ha CH,CO,H 
бн, ow > dy, 
4 (retention) Ж 
K Н, Н, 
CHO CN CN 
(е) НьёОН НОМ) нон + НОСА 
| 
buon H g~ OH grt “он 
CH,OH CH,OH 


(R)-(+)-Glyceraldehyde 
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сон Eom 
HSO,HO | Haca р Ha 2 OH 
(0 i heat HNO, 
CH,OH бон 
Р meso-Tartaric acid 
CO;H COH 
д җ C Чел ык 
5 heat HNO, 
CH,OH Сон 
Q (-)-Tartaric acid 
i 0 СН CH, OH 
4 3 n K;CO, d 3 HCN 4 3 : 
18.34 (а) CH,CHCHO + HCH ^45 CH,CCHO “> CH,C——CHEN 
2 
A (+)-B 
CH, OH B 
т» 98 И 
Be, : HO, ЊС Н  HNCH,CH,CO- 
wm си —CHCO;H =» В ! UNE ED 
CH,OH 2 ^o p "o 
(+)-pantothenic 
= цан acid 
| 
Н,МСН,СН,СХНСН,СН,5Н 
бэлиг о 


HOH,C оно fe 
(b) (CH), È aC -NHCH,CH,C -NHCH,CH;SH 
н 
_ НОН,С ОН 
i). сше Cao, + }LNCH,CH,CO, + H,NCH,CHS” 


H 
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1835 СНСН 1 a 
А H,CH,O NH-C-CH, reflux CH,CH,O NH, + 
Phenacetin Phenetidine CH,CO, 


An interpretation of the !H NMR spectral data for phenacetin is as follows: 


о 
(а) (e) | 45 
CH,—CH,—O NH—C—CH; 
(e) 
фине, 
(4) 


(а) triplet 8 1.4 

(b) singlet 62.1 

(c) quartet 8 3.95 

(d) multiplet 6 6.8-7.4 
(e) broad singlet 6 9.0 


О О 
Ц Ц 
18.36 (a)  CH,CH,-O-C-CH,CH;-C-O-CH;CH, 
(a) (c) (b) (b) (c) (a) 
Interpretation: 


О 

| 
(a) Triplet 8 1.2 (6H) 2- l-o, 1740 ст (ester) 
(b) Singlet 8 2.5 (4H) à 
(c) Quartet 5 4.1 (4H) 


О Н, (а) 


(b) Ось 
\ j (c) (b) (a) 
(d) 


Interpretation: 


О 
(a) Doublet 8 1.0 (6H) бо. 1720 cm! (ester) 
(b) Multiplet 8 2.1 (1H) 
(c) Doublet 6 4.1 (2H) 
(d) Multiplet 6 7.8 (5H) 
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0 
(с) (Qy-es-C-o-een, 
\ ‚ (5) (с) (а) 
(d) 
Interpretation: 
! 
(a) Triplet 5 1.2 GH) —C-—O-, 1740 стг! (ester) 
(b) Singlet 83.5 (2H) 
(c) Quartet 8 4.1 (2H) 
(d) Multiplet 6 7.3 (SH) 
1 
(d) С1-СН-СО,Н 
(a) (b) 
Interpretation: -ОН , 2500-2700 cm! 
(a) Singlet 6 6.0 Ч 
(b) Singlet 81.7. —C—0O-, 1705 cm! (acid) 
0 
(e) CI-CH;-C-O-CH,CH, 
(b) (c) (a) 
Interpretation: 
: 1 
(a) Triplet ô 1.3 — C—O-, 1745 ст! (ester) 
(b) Singlet 5 4.0 
(c) Quartet 8 4.2 
COH COCI CON(CH,CH,), 


С,Н;),МН 
18.37 а + soc, —> «Снн Q 
CH, CH, CH, 


349 


© 2000, Modulo Éditeur inc. / © 2000 John Wiley & Sons Inc. 


350 


CARBOXYLIC ACIDS AND THEIR DERIVATIVES 


18.38 Alkyl groups are electron releasing; they help disperse the positive charge of an alkyl- 


ammonium salt and thereby help to stabilize it. 


RNH, + H,0* ——» R>NH,* + H,O 
Stabilized by 
electron-releasing 
alkyl group 


Consequently, alkylamines are somewhat stronger bases than ammonia. 


| 
Amides, on the other hand, have acyl groups, R-C-, attached to nitrogen, and acyl 
groups are electron withdrawing. They are especially electron withdrawing because of 
resonance contributions of the kind shown here, 


ds Or , 
R-U-NH, <> во 


This kind of resonance also stabilizes the amide. The tendency of the acyl group to be 
electron withdrawing, however, destabilizes the conjugate acid of an amide, and reactions 
such as the following do not take place to an appreciable extent. 


О О 

ТЕ <—— | 
Ё-С-МН, + HO “> вн; + HO 
Stabilized Destabilized by 

by electron-withdrawing 
resonance acyl group 


18.39 (a) The conjugate base of an amide is stabilized by resonance. 


| .. | .. 
R—C—NH, + св“ 2225 R—C—NH + BH 


| 


OF 
R—C—NH 
This structure is especially 


stable because the negative 
charge is on oxygen. 
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(b) Theconjugate base of an imide is stabilized by an additional resonance structure, 


1.4. wr ae ola 
R—ÓU-NH-C-R + OH z> R-CH цал R * HO 


An imide 


< 


<>: =. 


18.40 That compound X does not dissolve in aqueous sodium bicarbonate indicates that X is not 
a carboxylic acid. That X has an IR absorption peak at 1740 ст! indicates the presence 
` of a carbonyl group, probably that of an ester (Table 18.5). That the molecular formula of 

X (C,H,,0,) contains four oxygen atoms suggests that X is a diester. 

The BC spectrum shows only four signals indicating a high degree of symmetry 
for X. The single signal at 6 166.7 is that of an ester carbonyl carbon, indicating that both 
ester groups of X are equivalent. 

Putting these observations together with the information gathered from DEPT PC 
spectra and the molecular formula leads us to the conclusion that X is diethyl malonate. 
The assignments are 


оо (а) 514.2 
CH,CH,OCCH,COCH,CH, (b) 541.6 
(a) (с) (d)(b) (d) (c) (a) (c) 8613 

(d) 8166.7 


18.41 (a) Chain Initiation 
Step 1 RO-OR —3  2RO* 


| | 
Step 2 cu,CsH + ко, — > сн, • + КОН 
Chain Propagation 

С бясн,С 
Step 3 CH,CS* + CH=CHR ——* СН,С5СН,СНК 


о 
| . | | 
Step 4 cH scH, HR + CH,CSH —9 CH, SCH,CH,R +Сн 5. 
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CH, 
(b) CH ш + CH, Йен RORA (CH, CHCHCH, a = 
SCCH, | | 
К 
сн, 
сн, is * CH диснсн, 
SH 


18.42 cis-4-Hydroxycyclohexanecarboxylic acid can assume a boat conformation that permits 
lactone formation. 


Neither of the chair conformations nor the boat form of trans-4-hydroxycyclohexanecar- 
boxylic acid places the -OH group and the -CO;H group close enough together to permit 


lactonization. 
18.43 219 mHO сон PBR сон 
Нь å ОН “a На „ОН ---9» Ha. c AOH 
Онон Онон dur 
(R)-(+)- (R)-(-)- (R)-(-)-3-Bromo- 
Glyceraldehyde Glyceric acid 2-hydroxypropanoic 
acid 
COH , CO,H 
нь. гон 489 Bec s NaCN 
ын? эн heat эс ми. 
н, йн, 
бон с 


(R)-(4)-Malic acid (R)-(CH;NO,) 
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1844 (a) СНО CN CN 
Нь. ОН Нь «ОН HOm ман 
B TH, ~x + | [cf. Problem 
(R)-(+)- CH,OH CH,OH 
Glyceraldehyde M N 
CO,H COH COH 
nso, НО“ о НОН. нь. HON EH 
Ho ? с HNO, 4 
Н” = “OH H9" z “чон Bre” = УН 
CH,OH Сон Со,н 


(—)-Tartaric acid 
[cf. Problem 18.33(g)] 


COH 
HOmé „ан 


| Zn 


СО,Н 
(S)-(-)-Malic acid 


(b) Replacement of either alcoholic -OH by a reaction that proceeds with inversion 
produces the same stereoisomer. 


CO, H CO, H COH COH 
HOm A, «tH PBr, НОь.бшиН _ Hi. (C Br PBr, НО, «aH 
2 (inversion | m (inversion A 
Не: “ОН at C2) pe. ~H Н”:“чОн ас) H”: “OH 
Со,н Со,н Со,н Сон 


(c) Two. The stereoisomer given in (b) and the one given next, below. 


COH COH COH COH 
lm: АН PBr, EON AH _ = AH PBr, HOw. Å. AH 
(retention E (retention 
uc “ЧОН а C2) Не Br Н «0H ас) Н H “ЗОН 
CO,H COH CO,H CO,H 
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(d) It would have made no difference because treating either isomer (or both together) 
with zinc and acid produces (—) malic acid. 


СО,Н СО,Н COH CO,H 
HOm ŠH 2 HOm Å aH НОь Š H " HOm ё aH 
—> = «<= 

H 
B ҮСЭН ба бн, H”: “Br 
Сон O,H OH Сон 


(4-Майс acid 


18.45 (a) CH;0,C—C=C—CO,CH3. This is a Diels-Alder reaction. 


(b) Hy, Pd. The disubstituted double bond is less hindered than the tetrasubstituted dou- 
ble bond and hence is more reactive. 


(с) CH,—CH-—CH-CH,. Another Diels-Alder reaction. 
(d) ПАН, 


| 
(е) see and pyridine 


(f) СН,СН,5- 

(в) OsO, 

(h) Raney Ni 

() Base. This is an aldol condensation. 

() СЕН (or CsHsMgBr) followed by H30* 

(К) H3O". This is an acid-catalyzed rearrangement of an allylic alcohol. 
О 

EU cu, ci, pyridine 


(m) Оз, followed by oxidation 


(n) Heat 
р О О 
18.46 9 ГУ + о шу o B 
T Pt 
О 79 
Furan Dimethylmaleic 
anhydride О О 
E О 
| О 


Cantharidin 
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(b) Cantharidin apparently undergoes dehydrogenation to the Diels-Alder adduct 
shown here, and then the adduct spontaneously decomposes through a reverse Diels- 
Alder reaction to furan and dimethylmaleic anhydride. These results suggest that the at- 
tempted Diels- Alder synthesis fails because the position of equilibrium favors reactants 
rather than products. 


The very low hydrogen content of the molecular formula of Y (С; В4О3) indicates that 
Y is highly unsaturated. That Y dissolves slowly in warm aqueous NaHCO; suggests 
that Y is a carboxylic acid anhydride that hydrolyzes and dissolves because it forms a 
carboxylate salt: 


О О 
в-С R-U-O Nat 
N NaHCO, d 
88-02 Н,О, heat о 
0 R—C_O Nat 
(insoluble) (soluble) 


The infrared absorption peaks at 1779 and 1854 cm7! are consistent with those of an aro- 
matic carboxylic anhydride (Table 18.5). 

That only four signals appear in the C spectrum of Y indicates a high degree of 
symmetry for Y. Three of the signals occur in the aromatic region (6 120-6 140) and one 
signal is downfield (6 163.1) 

These signals and the information from the DEPT 13C NMR spectra lead us to con- 
clude that Y is phthalic anhydride. The assignments are 


О 
(а) >) C (d) (а) 81243 
(с) ыг (b) 5131.1 
/ (c) 5136.1 
G (d) 8163.1 

О 


Z is phthalic acid and АА is ethyl hydrogen phthalate. 
(a) Ethyl acetate (b) Acetic anhydride (c) N-Ethylacetamide. 


In the first instance, nucleophilic attack by the amine occurs preferentially at the less hin- 
dered carbon of the formyl group. (Recall that aldehydes are more reactive than ketones 
toward nucleophiles for the same reason.) In the second case, CF,CO, ~ is a better leav- 
ing group than CH4CO, “ since the former is the conjugate base of the stronger acid. 


О 
И 
OH оба OCNHCH, 


18.50 
QU => CX => CT) 
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О 

| ACh у „Clemmensen or y or 
18. H Н,),СНСС1 CCH(CH 
851 CoH, + (СН), © (СНУ. WolffKishner > Wolff-Kishner 


HCHO 
(О) њене, НС, Zaci" (cii) caca (С)-сња 
EN, (C), cH CR (Оси, CN wu снуснсн: (СО снся 
| СН, 
E LN 
"en AES» «снуснсн-(С),-снсоон 


CH, 


О Q 
И И 
1852 A= СО)-боцсвь, C= снуснсн (О) -бсв, 
B- С)-овснснь, D- снуснсн-(С)-сонсн 


CH, 


In the last step, НИгед P accomplishes both the reduction of — OH to — Напа the hy- 
drolysis of the nitrile function. 


18.53 (a) The signal at д 193.8 is consistent with the carbonyl carbon of an aldehyde and _ 
shows that the PCC reaction produced cinnamaldehyde. 


(b) The signal at 6 164.5 is consistent with the carbonyl carbon of a carboxylic acid, 
and suggests that the oxidation with K,Cr,O, in sulfuric acid produced cinnamic acid. 


(IR absorption at 2550 cm 1 is S—H stretch) 


CL, 
OH 
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n — Ce 
"I— ү и ve 


C (IR absorption at ын ст! is C—H 
stretch for C—H of 3-membered ring) 


D 


о О ї 


| | 
#1855 2-0-0-0-0-0 —— 20-0-0: 


S о=Ссн, 
t 
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SPECIAL TOPIC 
Step-Growth Polymers 


SOLUTIONS TO PROBLEMS 
О 
В (а) —Ü y но C(CH.,CO.H 
H,Cr,0, 2 2/4772 


(b) 


(c) 


(d) 


B. (а) 


360 


HO,C(CH,),CO,H + 2NH, ——* NH,O,C(CH,),CO,NH, eat. ) 
=; 


О 
| | 350°C, 4H, > 
H, N(CH», NH, catalyst NzC(CH,CEN catalyst 


H,NCH,(CH,),CH,NH, 


СІ 
CH-CH-CH-CH, —-» СІСН,СН=СНСН,СІ ===> 


catalyst 


H,NCH, (CH,),CH,NH, 


H 4H. 
N=CCH,CH=CHCH,C=N -œ > N=C(CH,),C=N Lui 


о 
(7 280, ссненснсна 236“, м=с(сн,),с=м 


4 H, 
catalyst” НЈМСН(СН,);СН,МН, 


НОСН,СН,ОН + ‘BX <=” HOCH,CH,O + HB 
Q Ф | 
1 Е 
ко6-(0))-осн, + OCHCHOH => 
| 
С 


n о ln | 
O)-¢-0cH,cH,01 AE rot_{())-Coct,c#,0H 


| 
RO 
OCH, 


* CHO 
CHO + HB == CHOH + :В- 


[Е = CH,- or HOCH,CH,-] 
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о H | 
| 0 аг 0 +HOCH,CH,OH 
(b) коб-()-босн <=” ROC н, > 
73 UR" PUE “НОСН,СН,ОН 
0 ОН 
“Ө фи, OH ж” коё-С)-үгооцоцон 
+ он 
H, CH, 
o, -H 
Aou OH <> 
“онон | 
df 
[R-CH,-or HOCH,CH,-] RO С-ОСН,СН,ОН 


f 0 
|| 
B3 (а) сњоё-(С)-босн, + Bocu -снон 


(b) By high-pressure catalytic hydrogenation 


О О О 
| T 
B.4 ete-OCH,CHCH,0C COCH,CHCH,OC COCH;CHCHIO —etc. 


0 С) OH : 0 


mel me 


7T 
leno 1 go 
eto-OCH, mena! Сосн,снсн,оС CocH,CHCH,0 ек. 
^O 
о-с 
O-etc. 
wO- Oo + Cl- а е 


CH, 


а 0 | OË 1 Е 
E 0-С jm 0-С E 


Lexan 
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B.6 (a) The resin is probably formed in the following way. Base converts the bisphenol A 
to a phenoxide ion that attacks a carbon atom of the epoxide ring of epichlorohydrin: 


CICH,CH m * Јода о + СЕЕ — СНСНАСТ —» 
‘Oo 


daug- ев, «О Qe; и 
TH 
acl, нс—снсно-(О) (О)-осњон —CH, 
Ху Ху 
О CH, О 


© iO 

H,C—CHCH,Cl 
CH, then ш Y 
=» —————- 


3 
ннн оО) ОО бе РО (Осно 27 CH, 


(b) The excess of epichlorohydrin limits the molecular weight and ensures that the resin 
has epoxy ends. 


(c) Adding the hardener brings about cross linking by reacting at the terminal epoxide 
groups of the resin: 


a UN 
H,NCH,CH,NHCH,CH,NH, + H,C—CHCH;~{polymer}-CH,CH—CH, —> 
О 


-CHr CHCHz NCH,CH;N -CH;CH;-N-CH;CHCH,[polymer]CH,CHCH; etc. 
OH H CH, H OH OH 
нон 
CH, 
[polymer] 
с. 
CHOH 
H, т eic. 
үк -СН,СН, N- CH m CHCH, 
H H OH 
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B.8 


B.9 


SPECIAL TOPICB 363 


| |___| 
T МНСОСН,СН,ОС(СН,),СОСН,СН,ОСМН 
а 


| CH; n 


(b) To ensure that the polyester chain has -CH,OH end groups. 


Because the para position is occupied by a methyl group, cross-linking does not occur 
and the resulting polymer remains thermoplastic (See Section B.4.) 


OH 


| H 
о t Q C 
н-0-н > н-С-н —— DH > 
H 
H Ó-H H он 
CHOH gh, HOCH, CHOH gg 
(as before) (as before) 
H H 
HOCH, CH,OH HOCH, CH,OH, 
Hy њо, 
СН,ОН CH,OH 
H, он H H | 
HOCH, CH, Q HOCH, CH, б-н 
аЬ ЛЕ MOH а 
CH,OH CH,OH 


© 


— — Bakelite 
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SYNTHESIS AND REACTIONS OF 
B-DICARBONYL COMPOUNDS: 
MORE CHEMISTRY OF ENOLATE ANIONS 


SUMMARY OF ACETOACETIC ESTER AND MALONIC ESTER SYNTHESES 


A. Acetoacetic Ester Synthesis 


" n (1) NaOEt 9 Q (1XCH,} COK 
—— 373 
сн,бсн,Соё (2) RX сн,Сснбон DRX? RX 
R 
ПТИ ан. ню, ТА | 
сн, -0-Сов ПОРЕ, CH,C -0-Оон һен„, СН,ССНК" 
| (2) H,0* | -CO, | 
R R R 
B. Malonic Ester Synthesis 
0-0 о 0° 
| | (1) NaOEt ЦН (1)(CH3),;COK 
—— 373 
EtOCCH,COEt “Gy вх EtOUCHCOEL Onx > 
R 
ЧТ? онњо ol f 
ЕЮС-0-Сов 9 7. ноб-0-Сон My нобсне' 
1 (2) H,O* i CO, i 


SOLUTIONS TO PROBLEMS 
19.1 (a) Step 1 сњен-бос,н, + 70C,H, => CH,CH-COC,H, + С,Н,ОН 
H 202327 | | 
o 


CH,CH=COC,H, 


364 
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Co о 
у [ 4 дө | 
Яер2 СН,СН,С 4— * CHCOC,H, > CH,CH,C “сн-Сосн, 
ОСН; СН, С,Н,О“СН, 
ЯТ 
CHO" , CH,CH,C-CH-COC.H, 
CH, 


оно ч 


О 
1 | li | 
Step 3 CH,CH,C -С-Оосд, + “OCH, ==” CH,CH,C =C=COC,H, 


CH, CH, 
* CH,OH 
o n oH d 
(b CH,CHC-CH-COCH, + сн,сн,С-С-Сосд, 
CH, CH, 
o m 
COC,H, 


19.2 (a) 


(b) To undergo a Dieckmann condensation, diethyl glutarate would have to form a 
highly strained four-membered ring. 


О О 
| 2201 
19.3 CH,COC,H, + CHO” <> ICH, OC,H, + C,H,OH 
i Q 9 4 
ял " [] 
C,H.COCH, + ЮН,СОСН, < CHS -cH, oc, 
OCH; 


О 


О О 1 О 
T | » ЕУ. 
СНС сн,босн, + CHO <” CHC —Сн:босн, + C,H,OH 
но" cul ani 
——»- CHC CH,COC,H, 


О 
Ц _ | 
CQH,CH,COCH, + CHO. “=> C,H,CHCOC,H, + СНОН 
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= 0 | снуо-©-осн, 
С,Н,СНСОС,Н, + С,Н,ОСОС,Н, <=> CHCH = 
Осн, 
О 
f R 
сос, Сосн, 
СН;СН + сно ж CHG 4 + CH,0H 
GOCH, (осн; 
О 
Кеѕопапсе 
stabilized О 
| 
оси, 
+ | 
н.о CH, 
сос,н, 
О 
Q || 0 (1) NaOCH,CH Q 
a 
19.4 (a) СН,СН,СОС,Н, + СНОС _босн, Ho > сн,снбос,н, 
G осн; 
оо 
1 f аумаосн,сн,, 1,1 
а 
2 3 
(b) CH,COC,H, + HCOC,H, "ORO > НгО? HECH, COCH, 
o O 
О [ 
19.5 (a) + носи, -ONSOCH,CH, = 
А аар 
2775 Q) но“ 
О 
О О CH, 
д, Шу 0)МаоСН,СН, 
-r —— 
(5) СН,СН,ССН,СН,СН,СОС,Н, "uror а 
To 1 1 (1) NaOCH,CH 
ий а 
(c) C;H,0,CCH, C CH,CO,C,H, + С.Н.ОС-СОС,Н, ——————À» 
Ї (2) Н,О 
СН, 
СО,С,Н 
Ї 272"5 O.C.H 
О Н 225 
„73 (1) NaOCH,CH, CH, 
~, + 
CH,  (2Hj0 
H,O 3 
C 5 \\ =. H, 
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0 
СОС,Н, о 
о [р : Н,С CH -U-cH 
19.6 СН,ССН,СН,СН,СН,СОС,Н, + сно 1 3 
CHOH. нң H, 


19.7 The partially negative oxygen atom of sodioacetoacetic ester acts as the nucleophile. 


О О (0) 
5 | | | 
сње —CH—C—OC,H, <» CHC -сн-0-осн, 
19.8 Again, working backward, 


О о о 
| 1) dil. NaOH, h 
(a) CH,CCH,CH,CH, «1 cu ёсн-бон (1) dil. NaOH, heat 


со, (2) H,0* 
CH, 
CH, 
Q Q (1) NaOC,H 1 д 
| n a's Р 
= 
сн,Сснбосж, буснснаг СН:ССНІСОСІН, 
GH, 
CH, 
CH, 
CH, 
H 
1 heat 1 d ? (1) dil. NaOH, heat 
(b) CH,CCHCH,CH,CH, < со, СН, -СО,Н aso 
3 
H, 


H, сн, 
CH, н, 
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e 
Си; 
O CH, о 
сн,0-0-сосн, «ОК сий снбосн 
351 2-275  " (2)CH,CH,CH,Br EC 2Hs 
(H: CH, 
(Ho сн, 
CH, CH, 
(1) NaOC,H 1 Y 
2115 
Qcucuug: СНЗСН:СОС2Н; 
| 7 9 1) OH’, h 
(c) CH,CCH,CH,C,H, «eu сн,СснСон ag OH heat леа! 
co Í (2) H,O* 
ТН, 
CH, 
1 1 (1) маос,Н 1 | 
ассы; 
= 
СН,СОНСОС,н, O ccn ОВССН,СОСд, 


ue 


Сен, 


19.9 (а) Reactivity is the same as with any 5,2 reaction. With primary halides substitution 
is highly favored, with secondary halides elimination competes with substitution, and 
with tertiary halides elimination is the exclusive course of reaction. 


(b) Acetoacetic ester and 2-methylpropene 


(c) Bromobenzene is unreactive to nucleophilic substitution. 


| (1) NaOC;H; i | 
1910 СН,СН,СН,СОС,Н: -онот > CH,CH,CH,CCHCOC,H, 
3 
CH, 
CH, 
оо 
(1)NaOH , H,O, heat синен loulo heat | 
ТҮҮЛ, сн,сн,сснсон бб,“ СН,СН,СН,ССН,СН,СН, 
n 
CH, 


19.11 The carboxyl group that is lost more readily is the one that is B to the keto group (cf. Sec- 
tion 18.11 of the text). 
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п ð оо 
| | 1)ОҤ, H,O, heat 
1912 ca caca deu, .. сн,Сснбон owe 
бн, 
-0 
с, 
оо n 
онон, «09400. qa 
зСЦНСОС,Н, “о cai coci;pr CHsCCH,COCH, 
H, 
-0 


CH, 


O O оо 
И h | он, H,O, h 
19.13 cH cH, cu, 4°“ cu een dou «ОН, НО, heat 


со, (2)H,0* 
C—O 
CH, 
1 Ч (1) Ман о 0 
м 
сеоби: (2) GH,COCI CH,UCH, oC H, 


1 
Сен, 


19.14 (а) Опе molar equivalent of NaNH, converts acetoacetic ester to its anion, 


оо О 
| | Е = | 
cuj cuoc, + NH,” —> cH,C—-CH—CocH, + NH, 


and one molar equivalent of NaNH, converts bromobenzene to benzyne (cf. Section 
21.11B): 


os 
НЫ; 2 Br X 
—> О + NH, + Br 
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Then the anion of acetoacetic ester adds to the benzyne as it forms in the mixture. 


| - 
А COEt ү 
шу? / д СН 
ЭГЧ, o - 
CCH, О 
9 4 q 
сов (“он 
С 


This is the end product of the addition. 


(b) l-phenyl-2-propanone, as follows: 


H (1) OH’, H,O, heat ~ ћ 

N JTN, ILD, heat CH eat 
CCH, (2)H; OHo ” f 3 -CO, 
Ü О 


(c) By treating bromobenzene with diethyl malonate and two molar equivalents of 
NaNH, to form diethyl phenylmalonate. 


| 
О EtOC—CH —COEt 
Br Pin 
2 NaNH 
О. Ф = 
СН, 
О 


[The mechanism for this reaction is analogous to that given in part (a).] 
Then hydrolysis and decarboxylation will convert diethyl phenylmalonate to 
phenylacetic acid. 


nol le A "m 


(1)OH, (DOH, НгО, heat | heat, СН,СО,Н 
ono ^ Qr 
* CO, 
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19.15 Here we alkylate the dianion, 


О О О 
| Ц 2КМН, - Joe | - (0 GH,CH,C1 
— : -СН- не 
сн, СН,-СОС,Н, МН,” сње CH бос,н, умна 
II T 
С,Н.СН,СН,ССН,СОС,Н, 
19.16 Working backward, 
СО,Н 
heat (1) ОН, H,O, heat 
CO,H 
CO,C,H; usd | CO,C;H; 
асу 
ЧИМЕ (2) СН,СН,СН,Вг Th 
CO,C,H, CO,C,H; 
h lia он ,ILO,h 
eat ‚ H,O, heat 
CH; СО,Н 
сна 
CO,C;H; CO,C)H; 
CO,C,H, 
(1) NaOC,H, H 
(2) СН,СН,СН,Вг |? 
CO,C,H, 
h үш (00H , HO, heat 
eat , H50, hea 
CH,CHCH,CH,CO,H «—— — СН,СНСН,СН 
(c) 4 2 02 “СО; 3] 2| (2) Н.О" 
СН, СН, СО,Н 
СО,С,Н, тээ СО,С,Н, 
ам, 
ои (2) CH,CHCH;B: |: 
CH, СО,С.Н, CH, CO,C,H, 
CN 
CN 


base 


/ 

1917  2Н,С-СН,СН,8Вг + НС 
\ —2 HBr 
COEt | (ове 
О 


© 2000, Modulo Éditeur inc. / © 2000 John Wiley & Sons Inc. 


372 SYNTHESIS AND REACTIONS OF 8-DICARBONYL COMPOUNDS 


ОН“, heat см 2 ОН“, heat сон 
-CO,, -EtOH -NH, 
(2) H0* 


Valproic acid 


[| 
19.18 (а) Formaldehyde, H—C—H 


НеС1„ CH,OH, H,O 


il 
“НЗСН,СН,СН,8Н ^ СеН:СЊСН 


b | 
НА aa (1) C,HoLi 
479 
(c) СН5СН + HSCH,CH,CH,SH —> S S (CHI 


НН 
( о 
SA EC СНОН nO, н бсн, + HSCH,CH,CH,SH 
65 3 2 2 2 
H.C, СН, 


19.19 Ву treating the thioketal with Raney nickel. 


(1) C,HoLi a Raney Ni 


Ф Q) кењвг“ $ SA EM i ues 


в Н В CHR СН,СН,СН, 
19.20 (a) Q 2 HSCH,CH,CH,SH S, A ‚5 
————— 
| ү” НА ( b ёс ) 
О 5 


(D2 єг. 5 Од hydrolysis 4, 
овсн-(О) СН,Вг 


42, 
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| | 
CH (1) OH', H,O, heat CH 
= у— ___-_>» = Np 
Oxc^ `<20. ње Олс czo 


A malonic acid 


O CH, 
heit НОЁСН,ССН,СОН 
со 23772 
CH, 
HU +H", + KH 
19.22 а) С=О + HN(CH,), >» снем — «HO 
/ CH, 
0 О-Н са „СВ О ‚СН, 
СОВИН ац СИМ. 
3 
<> m CH, 
4H* 
(D C=O + HN ж” свем | + H,O 
H =N+ 
9 оса М] 
С-СН, > C=CH, +; 


| 
(О) сњо 


О 


373 
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р" ‚ АН, 
(с) к=н + HN(CH,), >” сн + HO 


H CH, 
B : 
20-н 
Н с, 
CH,N Ht 
yc: * 
CH, CH, 
OH OH 
CH,N(CH); repetition 2 (CHs)2NCH, CH,N(CH,), 
of similar 
steps 
CH, CH, 
19.23 These syntheses are easier to see if we work backward. 
| ја 
+ 
О 
Ї | i С CH,),CH Q 
(a) С(СНу,СН, H,O (СН//СН:» сесњусн, 
(CH;CH,),N 
jl 
H-N 
AA во 
< 
С H*, -H,O 
( \ Br 
= H,O N 
(b) СН,СН-СНСН, | «—— 


BrCH,CH=CHCH, | HN] 
ин 
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dcum 


i 6 D 
(с) CH,CCH, «ИРИ 


(2) HO =н, 


нос, H, 


d o  Фвснфосн, Eu 
(d) «оно о Н,О єт. ру 


| NBS (1) Mg, Et, O 
19.24 (a — о CH,CO,H 
i Ось, CCl, TRE (2) CO, then H,0* O- цэн 
А B 


О 
с Y 
SOCI П. БОН П. EtOCOEt [ 
Мод => белй О) 
5 О 
снсн,‚ бов _ 4 rud 
(CH,),COK 39772N и H;NCNH, CH,CH, 
СН,СН,Вг ) VAN МОБ: > јео 
СН COEt C,H; N 
| \ 
Ó H 
Phenobarbital 
(b) See Section 19.3. 
0 0 0 
COEt COEt 
52. da (1)NaOC,H, anca ён (1) (CH;),;COK РЕН и 
-————2 a — Ao 
у {2 (2)СН,СН,Вг ЭЭМЭГ (2) СН,СН,Вг и 
COE: ы СОЕ! шин CH,CH, "con 
Ó О О 
о A 
Q снов, N 
H,NCNH, = 
2222, О 
NaOEt CH,CH, N 
о Н 


Veronal 
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n 0 

COEt OEt 

ОН (1) МаОС,Н, HICH Г (1) (CH;);COK 
Q2 — Q)CH(CH);CHBr CH,(CH,),CH-CH (2) CH,=CHCH,Br 
COEt бн, Сн, СОЕ: 

O [0] 

О H 
сн=снсн, ton . 2 = pO. 
im aN Sf H;NCNH, яг )-o 

“oN NaOEt 
CH,(CH,),CH СОВ: CH, (CH,),CH №, 
CH, О CH, О H 
Seconal 
| | (1) NaOEt | 
19.26 (a) eee «оное CH,CH,CH,COC,H, 
3 Р 


| heat | 
(b CH,CH,CH,CCH,CH,CH, <——— CH,CH,CH,C—CH—COH 


CO, 
CH, 
CH, 
1) ОН, H,O, h 
M шан product of (a) 
(2) Н,О" 
T neat PBC. СОН он, H,O, heat 
(c) CH,CHCOH “сс, „©, стт; 
Н.С, СО,Н 
Н.С СО.С,Н 
жу СО САН, (1) NaOC;H; QoS 
С «————— С H;—CH 
“aN (2) СНД 675 
Н,С, СО,С,Н, CO,C,H, 


| 
(1) C,H,OCOC,H,, NaOC,H, 


| 
оно" C4H,CH,COC;H; 


||| 
(1) С.Н,ОС--СОС,Н,, NaOC,H, 
CH, 


| 
но" CH,CH,COC,H, 


| 
(4) СН,СН,СНСОС,Н, 
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| | НА 


О р 
heat | (1) ОНТ, H,O, heat 
* coy о (2)H,0* 
Ба а 
о 
о 


| 
(1) HCOC,H,, NaOC,H, 
(2) НО? 


product of (d) 


C 
| 
О 


| | 
(f) С,Н,СНСОС,н, C,H,CH,COC,H, 


(g) 


CH, СН 


f 
(h) C-CH, “cHy,coK product of (g) 
О 


CHCH, . 
uc ЭРТ” COH „ФОН, ЊО, heat 


0) CO; 2 TO Ho 
О 
о О n 
CH,CH, COC,H, 


CH,CH,Br 
CO,C,H «——-——— 
dick NaOGH; 


о CH, - о CH, " Q CH, 
19.27 (а) СН/-0-сн, «2- сн,(-0-сн,вг «89. cuu d -cuyon 


н 
Н, Н; 
| \ сн, O CH; 
О 


о | носн,сн,он . 1 | 
CH, —C^-C—COCR, 2—2 снес сон, 


3 


(1) LiAIH, 
(2) H,0* HA 


CH, CH; 


О О 
CHI CH | | 
* KOCH) CH C -CH-CO C.H, © cu, cH doc, 
CH, 
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О о 
| | T 1) OH’, H,O, heat 
(b) CH,CCH,CH,CH,CH, <= cH,C-CH-CoH a 


(2) H,0* 
CH, ) H3 
vH 
CH, 
| Q (1) NaOC,H ! il 
= в CH.CCH,COCH 
ан хани л een CH,CH,CH,Br 7377277725 
CH, 
CH, 
CH, 


О О О О 
| Й heat | | (1) OH', НО, heat 
- = «—————————— 
(c) CH,CCH,CH,CCH, * co, cuc CH бон (2) н,о* 


О О О 
| | 0) МаОС,Н | 1| 
СН д.сн-Сос Н. < РСН OC 
Ud Ss 4 осн,соснвг © ecu coca, 


Th 
=0 
CH, 
ЈЕ мв 1... 
a 
(a) cH,CHCH,cH,coH «M. cudcucHcCon < hes 
d 0 1) OH’, H,O, h Q || 
сн,0-сн-Сон aS сн,0-сн-Сосд, 
| (2) H4O* | 
TH CH, 
СО,Н (OCH; 
оо 0 
© 80... сидсн,бос,н 
pret ______ 
(2)BrCH,Cco,c,H, СНЗССН:СОС Н; 
| (1) LiAIH Ч q 
i (1) NaOC;H. 
СН,СНСНСН,ОН «4-———* 2Hs 
(e) CH4C в 20 (2)H,O* аис, *OCH.CH,BP СН СНВ: 
2:-5 215, 


i n 
СН,ССН,СОС,Н, 


ОН OH 
МаВН, 


О 
l ! МИ 
(© CH,CHCH,CHCH<——-_ CH,CCH,CCH, Ф-- LP 


Problem 19.13 


© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc. 


SYNTHESIS AND REACTIONS OF B-DICARBONYL COMPOUNDS 379 


heat CHCH, ‚СОН (1) OH, ЊО, neat 


19.28 H,CH,CHCO,H <— 
(a) CH,CH, i 2 -CO, AY (2) Н.О” 
CH, CH, "COH 
CH,CH СО.С.Н | СО,С,Н 
С СН,СН,-СН 
ZUN (2) CHj 
сн, `СО,С,Н, СО,С,Н, 


(DNaOCH, — А 4 
(2)CH,CH,Br 25 


(1) LiAlH, 
(b) CH CHCH CH CHOH но CH, HCH CHEO R 
CH, CH, 
[from Problem 19.16(c)] 
(1) МАН, ac Hs 
(c) CH,CH,CHCH,OH “ono CH,CH;-CH 
СН,ОН СО,С,Н, 
[from (a) above] 
(1) ШАІН heat 
(d) HOCH,CH,CH,CH,OH «5. HO,CCH,CH,CO,H t 
Hon — С,Н,О,С 
АРОН ал СНСН,СО,С,Н, 
НО,С С,Н.О,С 
С,Н,О,С Ч 
<— CH, + NaOC,H, + BrCH,CO,C,H, 
C,H;0,C 
19.29 The following reaction took place: 
св, 
1 1 = 
| 
CH,CCH,COC,H, + BrCH,CH,CH,Br васы. BrCH,CH,CH,CH 
COCH, 
О 
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CH; CH; 
‘с о- "C 
2 1 4 N 
ааа. с,н,,с-С Сн, вг — C,H,OC—C CH 
CH,— CH, `_ CH,—CH, 
Perkin's ester 
e 
(1) OH, ЊО, heat 2 9, 
, , hea 
(2) HO НО,С-С баас 
CH;—CH, 
Perkin's acid 
CO,CH; | 
19.30 (а) BrCH,CH,Br + CH, + NaOC,H, --» 
0,C,H, 
СОСН, COCH; 
(CH,),COK = 
H;—C: 
BrCHCH;-CH (CH), COH) BrCH,CH; 
CO,C,H, СО,С,Н, 
Н,С СО,С,Н - 
2 Зс / AUS (1) OH тоз CO,H 
РА х (2) Н.О 
Н, CO,C;H; (3) heat, -CO,. 


(b 2NaCH(CO,C,H,, + BrCH,CH,CH,Br > 


C,H,0,C СО,С,Н, 
C,H,0,C : CO,C;H; 
CHOC. CO,C,H, 
N Н М H 
D H-CCH,CH,CH,C —Br ме 
Ty 
С.Н,О,С CO,C,H, 


0,C,H, 


OC Hs 
(1) OH’, HO 
Ч (2) НО 
CO,C;H, : 
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он Он 
+ 
COH НОС HOC сон 
р Е 
Racemic form Meso compound 
CO,C,H, 
NaCH(COCHs) 
(c) BrCH,CH,CH,CH,Br МаСНСООЛ» > BrCH,CH,CH,CH,CH 
COCH, 


О,С,Н, 
КОС(СНУ, Ç У (1) OH , #20, dia 
i CocH, (280° | 


(3) heat, -CO, 
19.31 (a) CH,CO,CH), + “OCH * СН(СО,С,Н + C,H,OH 
2-34. 2115)? 25 Ж (СО,С,Н.), 215 


05 


О 
| . E 
C,H,CH Lena locu, + ДОНСО,СН), <= CH,ÇHCH “босун, 
CH(CO,C,H,), 


ан, т 
<—> CH,CHCH,COGH, 
CH(CO;C;Hj), 


ССМ 02 . 9 
(b CHNH, + CHz-CHNCOCH, <> CH;-N*CH;-CH=COCH, => 


H 
о 
О 2 | 
CHN-CH;-CH,-COCH, 4-5 CH, N(CH, CH,CO,CH,), 
á CH 
CO 
Эсийн Dieckmann СО,СН, 
base, CH E Oh condensation CH—N 
E 5 420 (several steps) 3 


\ 
CH;—CH, 
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CH, CH, 2 0 
(с) CH-C—CH T + осн, == сн--с--Сн“Сосд, 
CHICO „С.Н,), CH(CO,C,Hs), 
+ СН.ОН 
CH, 
CH; i E <> ee oe + 3CH(CO,C,H,), 
CH(CO,C;Hj), 


The Michael reaction is reversible, and the reaction just given is an example of a reverse 
Michael reaction. 


19.32 Two reactions take place. The first is a normal Knoevenagel condensation, 


ї 
| „Ссн, 

R-C-O + СН,СОСН), FU К-0-с, 
R' | к CCH, 


Then the а, B-unsaturated diketone reacts with a second mole of the active methylene 
compound in a Michael addition. 


О 
| 
CCH R. СНССОСН) 
jl 3 372 
R-C-C + CH(COCH,), 2S» р 
R' CCH, К "CH(COCH,, 
о 
О | 
i нбосн, 1 
19.33 CH,CH,COC,H, СН,СНСОС,Н, 
мос, Í 
~ 
H 
С сн.0“) а) 
ү “чый Н; 
шашы: T —» thymine 
NaOC;H; || CH 
2 NC 
| 
H 
CH, 


19.34 (1) (DCH Me y, (1) 0, | 
(2) (NH, ^ ar (2) Zn, HOAc i 
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О 
i CH,(COH), 1 Ч 
CH,C(CH,),CHO "wa ® CH,C(CH,),CH=CHCO,H 
C Queen substance 
H Q 1) L/NaOH | 
ux cu,C(CH,),CO,H TT ake HO,C(CH,),CO,H 
D : Е 
n 
_ Сен, 
Na* ‘CH 
СО,С,Н, 
19.35 CH;-C-CH-CH, + НВг ——> CH,C=CHCH,Br —————- 
CH, r CH, 


? О 
= H (1) dil. NaOH _ | 
CH,C=CHCH,CHCCH, no, ane MG -СНСН,СН,ССН, 
H, О,С,Н, Н, 
G H 
тэмцэнэ нг 
(1) LiC2CH Ш | | 
Н.С —CHCH =CH 
(2) H,0* СН,С--СНСН,СН, 3 С Lindlars linalool 
Hs I CH, catalyst 
19.36 ї све 9 
C;H,0C. , ИС ME C;H,0C,. „Св 
НС:Ма + “н = ys: „н, 
сн ын CHG H.C 
Br О Вг 
(СА 7870) 


| 
С,Н,ОС, СН, СН,ОН 
NaOC,H, 7-4 "cH (1) LiAlH, HBr 
их 2 QHO 
Н СН,ОН 


(СН 0 (СН ;О,) 
CH,B 
T" снусосны CO,C;H, 
2 NaOCH 
CH,Br * CO,C;H, 


(C,H, oB г) (С 1 эНО„) 
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(1)OH, (ШОН, НО у шивэх NC heat > > CO,H 
(2) HO* 
COH 


* CO, 
(C4H,,0,) (СЕН |,О,) 


19.37 (a) CICH,CO,CH, + СНО => CI-CHCO,C,H, + C,H,OH 


R' R' Cls 
s сан са сн, == к-{-9800, CH, = 
oJ 
" 
R-C—CHCO,CoH, 
О 


(b) Decarboxylation of the epoxy acid gives an enol anion which, on protonation, gives 
an aldehyde. 


~: ” 
EIOS сн) E»; 2 —> Кк-ОН-СН 
SY 6 Jo: ) 9 


С;Н,МН 
WX асвсосњ , 
осн, > 
B-Ionone 
(1) OH’, H,O ` СОН OHN, heat 
(2) Н,О" -CO, е 


MS N 77 
gH t снн — 
P 
й СНС снснсок ja 
19.38 (a) (Qi * 2 à С)-в-6-сон 
СН,СН,С, К 
CH,CH,CO,H 
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О 
7 
ji CHIC. снсож 
(b) O= + P > с-(С)-сн-снсон 
x " 
CH,CO,H 
CH, 
19.39 (а) CH=C-CO,CH, (b) KMnO,, OH , then H,O* 
(c) CH,OH, H* (d) CH,ONa, then H* 
CO,CH, CO,CH, 
CO,CH, 
(e) and (f) and 
N ч 
О СН,О,С О 
(в) OH , H,O, then H,0° (h) heat (-CO,) 
(i) CH,OH, Н“ G) BrCH,CO,CH,, Zn, then H,O* 
CO,CH, 
(k) (1) H, Pt 
S 
CHCO,CH, 
(m) CH,ONa, then H* (n) 2 NaNH, + 2CH,I 
fhs 
' Mannich reacti 
19.40 (Qo + HCHO +  HN(CHj, E а ion 
О 2 
йш. (1) С;Н,СН,МеВг йш, 
С-Сн-Сн;-М(СН,), in > CH;-C-CH-CH;-N(CH;), 
Ó | Он 
(СН,СН,СО),О ТВ 
шилд СН,-(-СН-СН,МСНУ, 
0-C-CH;CH, 
Darvon О 


19.41 In a polar solvent, such as water, the keto form is stabilized by solvation. When the in- 
teraction with the solvent becomes minimal, the enol form achieves stability by internal 
hydrogen bonding. 
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19.42 Intramolecular cyclization (which would give a product of formula C,H,O,) is not 
favored because of ring strain. The formula of the product actually obtained suggests a 
1:1 intermolecular reaction: 


О О 
|. i NaOGH 
2 C,H,OCCH,CH,COC,H, паре HC^ cÉ, 


19.43 A gamma hydrogen is abstracted by base (as is an alpha hydrogen in the usual Claisen) 
to give a resonance-stabilized species: 


2 О” 207 
:CH;-CH-CH-C; «—»  CHECH-CH-C. 
ос, OCH, 


Ethyl crotonate differs from ethyl acetate by — CH=CH –, a vinyl group. The transmis- 
sion of the stabilizing effect of the — COOC,H, group is an example of the principle of 
vinylogy. 


19.44 The synthesis actually involves two sequential Claisen condensations, with ethyl acetate 
serving as the source of the carbanionic species. 


! i 
~, N 
OCH H СН,СООС,Н 
ОГ 5 + снНсоосн, “=> даа 
c Os COCKS 
0 0 not isolated 
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SYNTHESIS AND REACTIONS OF p-DICARBONYL COMPOUNDS 


Br Br 
COOH HO COOH 
Mannich 
reaction 
Br CH, CH, Br 
~ 
он N OH 
B CH, C 
HO 
Hydrogenolysis 
—————- 
CH; 


387 


COOH 
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SPECIAL TOPIC 
Thiols, Sulfur Ylides, and Disulfides 


SOLUTIONS TO PROBLEMS 


он 
сл (а) СО» + CHES(CH, —> ух + CH,SCH, 
H 


С.2 


С.З 


С.4 


CHa. CH ©, 
(b) JC-0 + CHES(CH), —> CCH, + CH,SCH, 
CH; CH; 
МӨ a 
Que Он 
NH, 


(с) (Орана О (d) (О) Na* 
(e) Он (О 


Jub (1)СН,СН,ОН 


CH=CHCH,Br S=C сонно У СНЕСНСН, 


Н 
uy CHzCHCH;-S-S-CH,CH-CH, | 


Br. NaSH 
CH=CHCH,OH —-> CH,BrCHBrCH,OH ——> СН,-СН-СН,ОН 


5Н 5Н 
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П 
С.5 (а) СІСН,СН,С(СН,),СО,С,Н, (This step is ће Friedel-Crafts alkylation of an alkene) 
(b) 808, 
(c) 2 CH,CH,SH and KOH 
(d H,0* 
HC 
(e) HC’ `снєнусо,н 
N 7 
$ 


БУ” LA О 
: ÁN 
H,C—CH, 


C6 HS: + H,C—CH, ——> HS-CH,CH,OH ———> 


НСІ 
HOCH,CH,SCH,CH,OH - с» CICH,CH,SCH,CH,CI 


(C,H, SO.) Mustard gas 
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SPECIAL TOPIC 
Thiol Esters and Lipid Biosynthesis 


SOLUTIONS TO PROBLEM 
D.1 uS 
HN. 
20 
| ОН 
Farnesol 
~ 
«—» 
tre 


Bisabolene 


393 
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AMINES 


PREPARATION AND REACTIONS OF AMINES 


A. Preparation 
1. Preparation via nucleophilic substitution reactions. 


NaN,, ethanol 
3 RCH-N, ee RCH,NH, 
or LiAIH, 


О О 
Н. 
МН,МН, N 
RCH;- © яаж” po +RCH,NH, 
H 
О О 


RCH,NH, + (RCH,),NH +(RCH,),N (poor method) 


2. Preparation through reduction of nitro compounds. 


NO NH, 
HNO, 3 Fe 
О 650, O HCI (0) 


3. Preparation via reductive amination. 


R R 
X NH 
С=О — 2» R—CH—NH, 
Ka [H] 
R 
Aldehyde or ketone 
‚о ji 
С-0 ————— R—CH—NHR" 
iS [H] 
R 
R R 
Nc=o RRNA, R—CH—NR'R” 
Ri” [H] 


4. Preparation of amines through reduction of amides, oximes, and nitriles. 
всн,вг SY RCHCN > 
Br СМ N RCH,CH,NH, 


394 
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R R 


N NH N 
© =O БЕН бе =МОН -Nafethanol у, R—CHNB, 
R' R' R' 
О 


Q (1) LiAlH, 


AMINES 


|| 
R-NH, + R'CC] —> R-NHCR' оца > ЕМНСЊЕ' 


(2) RO 
| | i 
RNHR' + вса —> R'—CNRR' Ono R/CH,NRR' 
2 
5. Preparation through the Hofmann rearangement of amides. 
О О О 
SOC}, T NH. | Br/NaOH 
RÜOH ———> RCCL —=> RCNH, RNH, + СОР 
(NaOBr) 
B. Reaction of Amines 
1. As a base or a nucleophile 
As a base 
NA C + | 
JN: 4 нн =” а + H,O 
i 
As a nucleophile in alkylation 
№ а | 5 
zN + Ме: ХХ —> E +X 
As a nucleophile in acylation 
О 
N | d 
—№ + R-C-Cl (но М—С-Е 
H 
2. With nitrous acid 
N. alkenes, 
К-МН, BONO, R-N, X —> R* ——» alcohols, 
HX and so on 


1? aliphatic (unstable) 
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AMINES 


HONO 
Ar NE ну (0- sc) 


I?aromatic 


HONO 


Ar-N,* X^ 


R,NH —— > БЕ,Х-МХ-0 


2° aliphatic 


HONO 


N=0 


| 
ArNHR  ————» AN- 


2? aromatic 


NaNO, 


RN COO» RNH'X + RAN-N-O X 


3? aliphatic 


HONO 
"Q ds 


? aromatic 


3. With sulfonyl chlorides 
R-NH, + ArSO,Cl 


1° amine 


R,NH + = ArSO,Cl 


-С)-н- 


ОН, 
— — ЕМН5О,Аг <= [RNSO,Ar] + H,O 


(-HCl) 


——  R,NSO,Ar 


(-HCl) 
2° amine 
4. The Hofmann elimination 
H 
- h \ Я 
S IE -0-0- EH С=с `+ (HON «но 
N(CHj), 
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SOLUTIONS TO PROBLEMS 


20.1 Dissolve both compounds in diethyl ether and extract with aqueous НСІ. This procedure 
gives an ether layer that contains cyclohexane and an aqueous layer that contains 
hexylaminium chloride. Cyclohexane may then be recovered from the ether layer by 
distillation. Hexylamine may be recovered from the aqueous layer by adding aqueous 
NaOH (to convert hexylaminium chloride to the hexylamine) and then by ether extraction 
and distillation. 


СН, + С,Н, АН, 
(in diethyl ether) 


H,O'Cl /HO 


ether layer aqueous layer 


- он 
CH CH,jNH, СГ — 7 C,H,,NH, 
(evaporate ether (extract into ether 
and distill) and distill) 


20.2 We begin by dissolving the mixture in а water-immmiscible organic solvent such as CH,Cl, 
or diethyl ether. Then, extractions with aqueous acids and bases allow us to separate the 
components. [We separate 4-methylphenol (p-cresol) from benzoic acid by taking ad- 
vantage of benzoic acid’s solubility in the more weakly basic aqueous NaHCO,, whereas 
p-cresol requires the more strongly basic, aqueous NaOH.] 


C,H,CO,H, р-СН,С,Н,ОН, C,H,NH,, C,H, 
(in CH,CL) 


Мансоун,О 


aqueous layer CH,Cl, layer 


T C,H,CO, Ма” р-СН;С,Н,ОН, С,Н,ХН,, C,H, 

2 H,0* NaOH, H,O 

8 aqueous layer CH,Cl, layer 

од 

5 С,Н,СО,Н 

= Separate and p-CH,C H0. Na* CH,NH,, C,H, 

5 recrystallize 

E не H,0°CI/H,O 

о 3 

S aqueous layer CH;CL, layer 

9 р-СН,С,Н,ОН 

o 

= Extract into tT - 

5 CH,Cl,anddisüm “НАР, CI Сн, 
3 OH Isolate by 
= distillation 
© 

О 

- снн, 

S Extract into 

© СН,СІ, and distill 
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20.3 


(a) Neglecting Kekulé forms of the ring, we can write the following resonance struc- 
tures for the phthalimide anion. 


(b) Phthalimide is more acidic than benzamide because its anion is stabilized by reso- 
nance to a greater extent than the anion of benzamide. (Benzamide has only one carbonyl 
group attached to the nitrogen atom, and thus fewer resonance contributors are possible.) 


© ан Y 


= Н-О - - 
ОГ N-R =” ОС N-R <> N-R 
f f ! 
О О о 
| | 
C—NHNH, C—NHNH, 
ж” Q _ а” Q + NH,NH, 
C—N—R oy C—N—R 
| ensem. | 
о H,NNH, 
+ 
Then, 
0 1 
C-NHNH, C NH 
Ti хэн : 
© H "O “NHR 9 
О О E 
log | ня : 
C.N си 5 
© | => ОС Y + RNH,g 
уа (05 : 
+ = 
"OGNHR 8 
. 
\ KOH М, СН;СН,Вг E 
20.4 ОС УМН ——- INK CKBD = 
C C S 
i Ї 8 
Ó Ó ` 
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if 
C. H 
S NH,NH, ^N 
*N—CH,C,H, — ——»9 C,H,CH,NH, + | 
/ ethanol | N 
Ч reflux Benzylamine С “Н 
О О 


Н, 
20.5 (а) CH,(CH,),CHO + NH, -=> CH,(CH,),CH,NH, 
() сунуснссн, + NH, == сунуснуснсн, 
Мн, 


LiBH,CN 
(с) CH,(CH,),CHO + C,H,NH, заг CH,(CH,),CH,NHC,H, 


LiBH,CN 


20.6 The reaction of a secondary halide with ammonia would inevitably be accompanied by 
considerable elimination, thus decreasing the yield. 


R' 
substitution 
А RCHNH, 
RÓH-X + NH, 
(excess) elimination alkene 
SOCI 

207 (а) CHOH ——2» cH,coci SUM, > 
LiAlH, 


С,Н,СОМНСН,СН, ———!» C,H,CH,NHCH,CH, 


NaCN 
(b) СН,СН,СН,СН,СН,Вг ==» CH,CH,CH,CH,CH,CN 
ШАН, 
—— CH,CH,CH,CH,CH,CH,NH, 


1 
(с) сн,сн,со;н OU, снсн,сосі СЄВСНСНЭН, 


МАН 
CH,CH,CON(CH,CH,CH,), +» N(CH,CH,CH,), 


Q NOH NH, 
NH,OH | 
(à) сн,бсн,сн, МО» сн.йсн,сн, Хеба, снанснјсн, 
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20.8 


20.9 


HNO, Fe 

(a) TRO) о! TORN "or" TOR 
CH,COCI 1 мн, 

(b) сво) ^A, > ско (Овен, — > 


а CH)N 
(с) (О) — e Soy (Oy кена 


(excess) 


1 у SOCI 
(d) ох (С) oe ON -С)сюон — 
0 NH, q Br 
ON C-C] — ON CNH, ur ON NH, 


| (1) LiAIH,, Et, O 
— > 
CHCN Бо CH,CH,NH, 


An amine acting as a base. 
сон < 
СН,СН,МН, + но" «—* СН,СН,ХН, + HO 
An amine acting as a nucleophile in an alkylation reaction. 
Ра с + 2 
(CH,CHj4N У + СН-4 ——> (CH,CH,),NCH, 1 
An amine acting as а nucleophile іп an acylation reaction. 


: wW А 
(СН;),МН + СС —— (CH;),NCCH, + (CH;),NH, СГ 
(excess) са 


Ап amino group acting as an activating group and as an ortho-para director in electrophilic 
aromatic substitution. | 


NH, NH, 
Br, BO Br Br 
room temp. 


Br 
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20.10 (a,b) -0-Х-0 + H,0° <=> HO-N=O + H,O 


HO-N-O + Н,О > HO-N-O + HO 


H 
HÓ-N-O <> но + N=0 
H 
+ 
:N(CH,), eN(CH,), :N(CH,), 
+N=0 —» = 
5702 2 
H МО NO 


(c) The NO ion is a weak electrophile. For it to react with an aromatic ring, the ring 
‘must have а powerful activating group such as -OH or -NR;. 


NO, NO, 
20.11 (а) fuming HNO, H,S 
. > — 32 
Н,50,, heat О NH,, С,Н,ОН 
2 


HCUNaNO, „ 
H,O (0- so 


[as in (a)] 


(1) Fe, HCl, heat 


2) ОН” 
(2) CI 


NH, 


(c) шин лэг, Fe, HCl, heat 
E Qo > OH 
r 


(by nitration 
of benzene) 
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NO, NH, NHCOCH, 
ЧЮ Fe, HCl, beat, Fe, HCl, heat (CH,CO),O concd. 
— 
e оон” ОН” Os Н,50, 
[as in (c)] 
NHCOCH, NHCOCH, NH, 
: HNO, O, E NO, 
ea 
57% Н,50, 
SO,H SO,H 
NHCOCH, NHCOCH, NH, 
HNO, н! 
(е) Ho нњо? Q 
[from part(d)] NO, NO, 
(plus a trace 
of ortho) 


H, H, H, 
Br, H,SO,, NaNO, 
. кор — > 
а H,O Н,О (0-5°C) 
Br r Br r 
NH, NH, м, 


p-Toluidine 


uw 


E + N, 


(1) Fe, HCl (CH,CO),0 


^ (+ o-nitrotoluene) (2) ОН 


20.13 (a) Toluene = p-Nitrotoluene ----2--» „а ср не и 
2 
NH, 


Н, H, Н, 
1) Fe, HCl 
or oor 
NO, NO NH, 
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H, 
HONO y 
NH, 
H, 
СО,Н 
20.14 NH, NH, N,* 
Br Br Br Br 
Br, H,SO,/NaNO, CuBr 
— > ——M—— ——- 
FeBr, (0-5*C) 
NO, NO, NO, 
Br Br т 
Вг Вг H, Br Br HSO Мам 0, Br Br 
Pt (0-5°C) 
” 
МО, МН, N, 


H,SOyNaNO 
20.15 но (С) кн, OR ноз (С) 
N= (Orson. 
OH 
он 
NaOH 


pH 8-10 
Orange II 
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+ 


NO, NH, N. 


2 
20.16 DOS Fe | H,SO/NaNO, 
HSO, HCl esc > 
om 
Сри > (Oo (С), 


© JOH 
H,SO/NaNO. ! > 
2017  CH,CHO Qe or > ЧЕН “ОР ын 
ОН а 
СН,СН, “Он SON THCS + 


SnC 
CH,CH,O “ӨР =N LO onc, mey 


CH,C),0 
2 СН,СН,О Om cabo, 2 СН,СН,О (Ote 


Phenacetin 


20.18 (1) That A reacts with benzenesulfonyl chloride in aqueous KOH to give a clear solution, 
which on acidification yields a precipitate, shows that A is a primary amine. 


(2) Thatdiazotization of A followed by treatment with 2-naphthol gives an intensely colored 
precipitate shows that A is a primary aromatic amine; that is, A is a substituted aniline. 


(3) Consideration of the molecular formula of A leads us to conclude that A is a methylani- 
line (i.e., a toluidine). 


CHN 
-CHN = Ow. 


CH, 


But is A 2-methylaniline, 3-methylaniline, or 4-methylaniline? 


(4) This question is answered by the IR data. A single absorption peak in the 680-840 cm~! 
region at 815 ст“ ! is indicative of a para substituted benzene. Thus, A is 4-methylaniline 
(p-toluidine). : 

H, 
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20.19 First convert the sulfonamide to its anion, then alkylate the anion with an alkyl halide, 
then remove the -SO,C,H, group by hydrolysis. For example, 


H 1 
| 2 
Ё-Х-50,СН, - R-N-SO,CH, oy 
CHR ээн CHR 
R—N—SO,C,H; -0» ОН, R-N-H + С,Н.50,7 
NH, NHCOCH, NHCOCH, 
СН,СО)уО 
20.20 (8) SS, © новој , 9 
Aniline 50,81 
NHCOCH, 
"Y 
> (1) dil. НС], heat 
peg —————————» 
(2) OH 
SO,NH OC SO,NH C» 
S S 
Sulfathiazole 
& NHCOCH,CH,CO,H 
О 
фу —» 
оми 
J 
Succinylsulfathiazole 
CH, 
20.21 (а) C,H,CH,NHCH, (b) (CH,CH),N 
CH, 


„Сн, 
(c) СО» (4) 
CH,CH, 


| | 
H CH,CH, 
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CO,H 


(i) Ө, 0) (С-ны, 
\ 
H H N 
| " / 
(К) CH,-N-H CI 0) 97 
CH, | CH 
H 
(m) H)NCH,CH,CH,OH (п) (CH,CH,CH,),N* Cl 
‚СН, 
(0) С (p) (О) 
\ CH, 
H 
(q) снов, @ (CH,),N* OH 
NH, NHCH, 
(s) (t) 
СО,Н 
20.22 (a) Propylamine (h) Benzylaminium chloride 
(b) N-Methylaniline (i) N,N-Dipropylaniline 
(c) Isopropyltrimethylammonium iodide 0) Benzenesulfonamide 
(d) 2-Methylaniline (o-toluidine) (k) Methylaminium acetate 


(e) 2-Methoxyaniline (or o-methoxyaniline) (1) 3-Amino-1-propanol 
(f) Pyrazole (m) Purine 
(g) 2-Aminopyrimidine (n) N-Methylpyrrole 


away ORO 
20.23 (a) (Qm + LiAIH, ———» OP > (Dou 
0 (2)H,0 
(b) C-NH, + МАН, ———» H,NH 
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(c) (Qva Br + NH, --» CH,NH, 
(excess) 
О О 
(Orcus + QOO» — Өө) 
[0] О 
„Н 
МН,МН, 
sm, Cham OL 
“Н 
О 
(4) (О-о + МН, —> CH,NH, 
(excess) 


(e) С)-вд * NH, => (О) 
(9 (О), + зн, 2> вы (Оса 


(8) О e» CH,NH, + CO,” 

NH, 

20.24 (a) M dun О шилээ sum heat © 
МеВг 


(1) CO, SOCI 
ш E uot ИФ (2) H,O* a “Oe ey? 


Hofmann rearrangement 


Br, 
(c) “аг” 
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О 


Or 


О 


РВ 
20.25 (à CH,(CH,),CH,OH ——-» СН/СНД,СНг: —————» 


О 


NH;NH 
CH,(CH,),CH, —*—*+» CH,(CH,),CH,NH, 


О 


NaCN (DLiAIH,, ЕБО 
(b) CH,(CH,),CH,Br =» CH,(CH,),CN ra CH, (CH,);CH,NH, 


[from part(a)] 


(c) CH,(CH,),CH,OH 


(1) SOC], 
(2) NH; 


(d) CH,(CH,),CH,OH 


(2) H,O 


= ОН > CH,CH,CH,CO,H 


Br 
СН,СН,СН,СОМН, -оно» CH,CH,CH,NH, 


РСС СН,МН, 
сна” CHCHCHCHO qj У 


CH,Cl, 
CH,CH,CH,CH,NHCH, 
NH, NHCOCH, 
20.26 (a) © (CH,CO),0 
NH, D 
„©. Oo OOO 
О О 
NHCOCH, NHCOCH, NH, 
HNO, (1) H*,H,O 
e 1.502 (2) ОН 2 О 
[from part(a)] NO, NO, | 
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NHCOCH, 
(à) HOSOCI 


[from part(a)] 


[from part(f)] 


N'X | 
„© ~ © 


[from part(f)] 


NX 
„© = © 


[from part(f)] 


NX 
„© = © 


[from part(f)] 


NHCOCH, 


(1) NH, 
(2) HO, heat 


SO,CI 


AMINES 


Е: 


SO,NH, 


409 
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CO,H 


1) Н.Н,О 
(k) © (1) ОННО, 
тон > 


[from part(j)] 


N'X 
NU 
оёно” H,O 


[from part(f)] 


(m) or. By 


{from part(f)] 


NX OH 
ОН z 
„О: © => О-О 


[from part(f)] [from рагі(1)] 


N(CHj), 


By E 
„© - © е Qo 


[from part(f)] [from part(e)] 


HONC > 


20.27 (а) CH,CH,CH,NH, Мамоунаг” ГСН, СН,СН, Ху — » 
ћудпде 

_ [CH,CH,CH,"] hi А 3CHCH;] _ 

-H* 1 

р o] ын С: C 

CH,CH =CH, 
СН,СН,СН,ОН CH,CHCH, 
OH 

CH,CH,CH,Cl CH,CHCH, 


с 
HONO es 
(b) (CH,CH,CH),NH коља“ (CH,CHCH);N -N-O 
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Л НОМО №0 
N N 


(c) 
NaNO/HCI 
CH,CH,CH,. 


‘CH,CH,CH, 
KHCHCH, |) qao Ё (H,CH,CH, 
о: i Tanoa” ON N 
CH,CH,CH, 9 CH,CH,CH, 
HONO, 0-5°C Ж 
(е) TEROR ea сњсњон, (С) а 


КОН А 
20.28 (а) CH,CH,CH,NH, + снос цо» CH,CH,CH,NSO,C,H, 
2 + 


Clear solution 


H,O* 
--9 CH,CH,CH,NHSO,C,H, 


Precipitate 
KOH 
(b) (CH,CH,CH,),NH + С,Н,50,01 но” (CH,CH,CH,),NSO,C,H; 
Precipitate 
H,O' No reaction 
(precipitate remains) 
Л КОН 7:529:15 
(c) N, + СНО; но” N, 
CH,CH,CH, 5 СН,СН,СН, 


Precipitate 


H,O' Мо reaction 
(precipitate remains) 


(CH,CH,CH, | 
(4) Ox + С,Н,80,01 RR > p reaction | " 
CH,CH,CH, 2 (3? amine is insoluble) 


О + 
M NH(CH,CH,CH,), 


3° Amine dissolves 
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(e) си (Он, + C,H,SO,Cl о“ сн-()-восн, 
K 


Clear solution 


но! 
C4H; NHSO,C,H, 
Precipitate 
HONO 
20.29 (a) ¢ N-H NaNO/BCI" N-N—O 


( ( м-н + снзоа Бо” ( №5осн, 


20.30 (а) 2CH,CH,NH, + С,Н,СОС ——» CH,CH,NHCOC,H, + 
CH,CH,NH,* СГ 


| | + | 
(b 2CH,NH, + (CH,O,0 ——» CH,NHCCH, + CH,NH, CH,CO- 


? 0 
24 '—NHC 
нс pest АНЫҢ, 
€) . | P: + 2CHNH, — (| 
HC Н,С - 
B 1 о CH,NH," 
Ó 
7 
heat Beet 
(d) [product of (c)) — l P + HO + CH,NH, 
H, 
~ 
O 
0 
О j 
LO 
(e) + о —> О 
| СОН 


© 2000, Modulo Éditeur inc. / © 2000 John Wiley & Sons Inc. 


AMINES 413 


Ф (Oy + coo — (О) + снсон 
N 


| 
С 
o^ “сн, 


| О О 
| j 
(g) 2 (Qu. + cH,cH,ccl — СО)-нбонсн, " 
(Омь; Cr 


! 
Н 


CH,CH, 
(h) CH,CH;-N-CH;CH, он Ait CH=CH, + (CH,CH,),N + H,O 
CH,CH, 
NO, 
NL PS 
(i) снон” 
| CH, 
нв, 
“цал Вг Br 
NH, 
CH, CH, 


20.31 (a) 
NO, 
Separated 
СН, СН, СН, 


(1) Fe, НСІ HONO HBF, heat 
(2) ОН? 0-5*C 


NH, N'X^ F 
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CH; 
O, NH, 
Ё (1) Fe, НСІ HONO 
(b) он“ ^ он“ 0-5°C 
[from part (a)] CH, CH, 
KI 
—> 
СН, 
(1) Fe, Е HCI, heat heat (1) H,SO,/NaNO, 
(2) Qo ” (2) Cu,0, Си”, H,O 
NH, OH 
gs part (a)] 
Pi Cl 
HCI/NaNO 
Lye ае. 
NX Cl 
[by reduction of m-dinitrobenzene, 
cf. Problem 20.11(a)] 
NX CN 
е е CuCN 
N, X CN 
[from part (d)] 
NO, NH, 
(1) D ESSO/NaNO, ,, {D Fe, HCl, heat Fe, HCl, heat 
ou > KI трон ” OH 
Ми Problem 20.11(a)] 
(1) HONO 


(1) хи HEUTE 
(8) ев ^? CuBr 


bs Problem 20.11(а)} 


(2)Cu,0, Си“, H,O 


NO, NH, 
ol (1) Fe, НСІ, heat ol 
(2) OH” 
Br Br 
CN 
(1) H9SO/NaNO,; 
(2) CuCN 


Br 
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NO, NO, NO, NO, 
Br, H,SO/NaNO, ЊРО, 
—_ —> 
(b) FeBr 
Br Br Br Br Br^ Br 
NH, NH, N ^i 


[from Problem 20.11(e)] 


NO, NH, 
. (1) Fe, НСІ, heat 
(i) в 
(2) ОН 
Вг Вг Вг Вг 
[from part (h)] 
"МО, | МО, 
(j) (1) HBr/NaNO, (1) Fe, НСІ, heat 
=> — 
2 В r 
Br Br а Вг Вг шин 
NH, Br 
[from part (h)] NH, OH 
(1) H,SO,/NaNO, | 
— 
2)Cu0, Си“, HO 
Br Br на Ч Вг Br 
Br Br 
NH, CN 
S (1)H,SO,/NaNO, 
Br Br oa Br Br 
Br Br 


[from part (j)] 


| 


NO, 
o momo, OQ ж» (0) 4» 
Br r Br Br Br Br 
NH, 


[from part (h)] NH, 


(1) HjSO/NaNO, 
ај 
2)H,PO. 

Br Br (EPO; Br Br 
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NO, NO, 
(m) (1) HSO/NaNO, (1) Fe, НСІ, heat 
2) KI 2)OH 
Br r n Br r 9 
МН, І 
[from part (h)] NH, 
(1) SO/NaNO, 
Br (2) Н.РО, Br 
I 
CH, 
(n) fuming HNO; y В: 4 NH, 
— Hso > (f. Section 2058) > Section 20.5B) 
CH, CH, 
О, 
(1) H,SO/NaNO, 
(2) CuBr 
NH, Br 
CH, CH, 
O, | О 
(о) (1) H,SO,/NaNO, е 
(2) Си,О, Си“, H,O 
NH, OH 
[from part (n)] 
CH, CH, 
О, 2 
(p) (1) HjSOZ/NaNO, (1) Fe, HCl, heat 
(2) CuBr (2) ОН 
NH, Br 
[from part (n)] 
CH, CH, 
CN 
(1)H,SO,/NaNO, 
(2) CuCN 
Br Br 
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(9) нс (С), ПРИ ње (Сем X 
[from part (c)] [oo pH 8-10 


нс-О)- 
(r) ње (Ој [from [from рап (с, (c)] nor =N 
_ pH нао > 10 


[from part (q)] 


20.32 (a) Benzylamine dissolves in dilute HCl at room temperature, 


= 25°C T = 
C,H,CH,NH, + H,O* + С ——» C4H,CHjNH, Cl 


benzamide does not dissolve: 
C,H,CONH, + HOt + СГ 2С No reaction 


(b) Allylamine reacts with (and decolorizes) bromine in carbon tetrachloride instantly, 


CH=CHCH,NH, + Br, 5 CH,CHCH;NH, 
Br Br 


propylamine does not: 


CH,CH,CH,NH, + Br, <“ > No reaction if the mixture 
is not heated or irradiated 


(c) The Hinsberg test: 


к . 
TOR + снос E TORN ноу, 
2 


Soluble 


TORS 


Precipitate _ 
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KOH H,O'  Precipitat 
(Quos + CH,SO,CI rig СО) вон, — 2 


СН, 
Precipitate 


(d) The Hinsberg test: 


K* 
5 Н + 
( у + CHSSO,CI mor (води, == 
Soluble 
(узносе, 


Precipitate 
: | КОН ( ) ЊО, Precipitate 
-H + C,H.SO,Cl ——> Х-50,С,Н, --Э 
мон син HO dL. remains 


Precipitate 


(e) Pyridine dissolves in dilute НС], 


- t - 
(ON t RO а —> (ON "на 


benzene does not: 


©) + HO' + ср > No reaction 


(f) Aniline reacts with nitrous acid at 0-5°C to give a stable diazonium salt that couples 
with 2-naphthol, yielding an intensely colored azo compound. 


HO 


H,SO/NaNO 2-naphthol 
On tige Ov im Qe 


Cyclohexylamine reacts with nitrous acid at 0-5?C to yield a highly unstable diazonium o 
salt—one that decomposes so rapidly that the addition of 2-naphthol gives по azo com- à 


2000 John Wiley & Sons Inc. 


= 
pound. 5 
Ф 
49 
H,SO/NaNO, -N, © 
Сэ» (Све | Ој | 
= 
2 hthol 5 

-napht 
alkenes, alcohols, and so on > No reaction © 
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(g) The Hinsberg test: 


H40* 
(свом + С,Н,50,01 mo? No reaction ——> (C,H,),NH 
Soluble 
(нон + снзос ОН» снумо,сн, DO, Precipitate 
Н,О . remains 


Precipitate 


(h) Tripropylaminium chloride reacts with aqueous NaOH to give a water insoluble ter- 
tiary amine. 
- NaOH 
(CH,CH,CH,),NH* СГ “но” (СНЗСНСН М 
Water soluble Water insoluble 


Tetrapropylammonium chloride does not react with aqueous NaOH (at room tempera- 
ture), and the tetrapropylammonium ion remains in solution. : 


- NaOH 2 = 
(CH,CH,CH,),N* Cl Bo? (CH,CH,CH,),N* {Cl or OH | 
Water soluble Water soluble 


(i) Tetrapropylammonium chloride dissolves in water to give a neutral solution. 
Tetrapropylammonium hydroxide dissolves in water to give a strongly basic solution. 


20.33 Follow the procedure outlined in the answer to Problem 20.2. Toluene will show the same 
solubility behavior as benzene. 


7 
СА 9 T 
20.34 | О + NH, тн? H,NCCH,CH,COH 
H, d 
\\ 
О 
Во, ОН" 5 Н * " 
“СОР H,NCH,CH,CO, | ——* H,NCH,CH,CO, 


2PBr, ., 2XCH;);N 
20.35 (а) HOCH,(CH,),CH,OH ~=» BrCH,(CH,)CH,Br 200 


+ + = 
(CH,),NCH,(CH,),CH,N(CH,), 2 Вг 


(b НО,ССН,СН,СОН +2 BrCH,CH,OH mo 
2(CH,)3N 
BrCH,CH,O,CCH,CH,CO,CH,CH,Br ————> 


+ + = 
(CH,),NCH,CH,O,CCH,CH,CO,CH,CH,N(CH,), 2 Br 
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Нм qum EN HN те Жын 
20.36 ¢-cH, Br 
pen 
N NET 
H, 16 HCO; 
om»? (-HBr) 


COH 
аны CH, 
DO т» -HBr i 
CH Br + OR => foli 
COH 


20.37 The results of the Hinsberg test indicate that compound W is a tertiary amine. The !H 
NMR provides evidence for the following: 


(1) Two different CH;-groups (one absorbing at 6 7.2 and one at ô 6.7). 
(2) ACH,CH,~group (the quartet at 6 3.5 and the triplet at 6 1.2). 
(3 Ап unsplit -CH,-group (the singlet at 6 4.5). 


There is only one reasonable way to pull all of this together. 


Thus W is N-benzyl-N-ethylaniline. 


20.38 Compound X is benzyl bromide, С,Н,СН,Вг. This is the only structure consistent with 
the 'H NMR and IR data. (The monosubstituted benzene ring is strongly indicated by the 
(5H), д 7.3 ІН NMR absorption and is confirmed by the peaks at 690 and 770 ст”! in 
the IR spectrum.) 
Compound Y, therefore, must be phenylacetonitrile, (С,Н,СН,СМ) апа Z must 
be 2-phenylethylamine, CC H;CH;,CH,NH,. 


LiAlH 
Oram о tt Qe 


C,HjBr ei сним 
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Interpretations of the IR and !H NMR spectra of Z are as follows. 


(d) 


(c) (b) (a) 
ea 


aN 
O- (c) (b) (a) 
CH,-CH,-NH, 


(a) singlet 6 1.0 
(b) triplet 62.7 
(c) triplet 62.9 
(d) multiplet 67.25 


© .. 
9 мон р -H,0 
20.39 — е ——%» 
Ра (several steps) 
“н 


Ра 


AMINES 


CO 
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O 
20.40 + CHI —> _ 289 _ aes 
г но он HO 


бн, HC*'CH | H,C'* СН, 
R $ 

| CHI, мо, 2. Я _ 
CH=CHCH,CH,CH,N(CH,), OH 

Мен ex M 

CH, ' 

T U 

h 

-25» CH=CHCH,CH=CH, + - HO + (CH)N 


Ww 


20.41 That A contains nitrogen and is soluble in dilute HCl suggests that A is an amine. The two 


IR absorption bands іп the 3300-3500-ст-! region suggest that A is a primary amine. 
The 13C spectrum shows only two signals in the upfield aliphatic region. There are four 
signals downfield in the aromatic region. The information from the DEPT spectra sug- 
gests an ethyl group or two equivalent ethyl groups. Assuming the latter, and assuming 
that A is a primary amine, we can conclude from the molecular formula that A is 2,6-di- 
ethylaniline. The assignments are 


(a) (b) NH, (a) 512.9 
СН,СН, СН,СН, (b) 8 24.2 
(е) (с) 8 118.1 

(4) . (d) 5125.9 

(c) (e) 81274 

(f) 8141.5 


(An equally plausible answer would be that A is 3,5-diethylaniline.) 


20.42 That B dissolves in dilute HCl suggests that B is an amine. That the IR spectrum of B 
lacks bands in the 3300-3500-cm~! région suggests that B is a tertiary amine. The up- 
field signals in the 13C spectrum and the DEPT information suggest two equivalent ethyl 
groups (as was also true of A in the preceding problem). The DEPT information for the 
downfield peaks (in the aromatic region) is consistent with a monosubstituted benzene 
ring. Putting all of these observations together with the molecular formula leads us to con- 
clude that B is N,N-diethylaniline. The assignments are 


(b) (aj | 
N(CH,CH,), (а) 812.5 
(b) 8442 
(c) (c) 8 112.0 
(е) (d) 8115.5 
(d) (e) 6 128.1 


(f) 8147.8 


© 2000, Modulo Éditeur inc. / © 2000 John Wiley & Sons Inc. 


AMINES 423 


20.43 That C gives a positive Tollens’ test indicates the presence of an aldehyde group; the 


solubility of C in aqueous HC] suggests that C is also an amine. The absence of bands in 
the 3300-3500-cm – ! region of the IR spectrum of C suggests that C is a tertiary amine. The 
signal at 6 189.7 in the '3C spectrum can be assigned to the aldehyde group. The signal at 
639.7 is the only one in the aliphatic region and is consistent with a methyl group or with 
two equivalent methyl groups. The remaining signals are in the aromatic region. If we 


assume that C О 
|| 
has a benzene ring containing a -CH group and a -N(CH,), group, then the aromatic sig- 


nals and their DEPT spectra are consistent with C being p-(N, N-dimethylamino)ben- 
zaldehyde. The assignments are 


(a) 
N(CH), | (a) 839.7 
(e) (b) 5110.8 
(b) (c) 8 124.9 
(d) (d) 6 131.6 
c) (e) 5 154.1 
0 6-0 (f) 81897 
H 
CH; CH,COCI 
44 (CH)NH + Ч / —_» = = : 
20. (CH;), HC-NCCHPCHPOH Yol HCD 
CH, о CH, 
| 1 СНА |+ Д 
Н,С-М-СН,СН,-0-0-СН, — — H,C-N-CH;-CH;-0-C-CH, 
CH, ү 


Acetylcholine iodide 


О 


23 


О 
ж > HOCH,CHNH, ===> (HOCH,CH),NH 


О , 
сњењсоа | | шэн, | 
20.46 CCH,CH, CCHCH, 
Alc, | 
B 
о CH, 


CH,CH,),NH n | 
шэнэ» "Эн 


Diethylpropion 
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20.47 Carry out the Hofmann reaction using a mixture of УМ labeled benzamide, 
С,Н,СОЁМН,, and p-chlorobenzamide. If the process is intramolecular, only labeled ani- 
line, CSH;*NEL, and p-chloroaniline, will be produced. 

If the process is one in which the migrating moiety truly separates from the remain- 
der of the molecule, then, in addition to the two products mentioned above, there should be 
produced both the unlabeled aniline and labeled p-chloroaniline, р-СЇС,Н, МН,,. 


Note: When this experiment is actually carried out, analysis of the reaction mixture by 
mass spectrometry shows that the process is intramolecular. 


a e NH, e 
20.48 CH,CH,CO,H Xu» CH,CHCC] — — — cades (С) 
О О 


*20.49 (a) С,Н,Х-СН, 


-e +: 
my 1 (during Сен; N 
electron H 
impact 
mass = 
spectrometry) 


m/z 106 
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О 


N 
H H („н 
| | D | 
C | С 
| Io 
А О 9 9.1 
“| S CH, 
GITS CH, | 
МЛ 
Сор 
ge 
Сусан, 


- O дог (С) н, - O (B, Diphenylcarbodiimide) 


i й 


c0» о 
ROA $: "TH 
H 
0^ o A » | p 
5 иг” ин 

à: о s о о. UE 
O о 

—> | + но 
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*20.52 An abbreviated version of one of several possible routes: 


О 
Loa © шл 
| 
‚ ОН 
= sequence 


N ~ 
| | МН, 


C 
*triacetoneamine" 
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SPECIAL TOPIC 
Reactions and Synthesis of Heterocyclic Amines 


SOLUTIONS TO PROBLEMS 
E.1 (a) С) (b) (9 (c) Q р 
d 
‘о CH, жы 
| 
CH, | 
(4) (е) СН ОНУ В: 
I СН, 
H,C’ * ‘CH, | 


Е.2 (a The cyclopentadienyl anion. 


(b) The pyrrole anion is a resonance hybrid of the following structures: 


(oc Oe Or oe 


The imidazole anion is a hybrid of these: 


E.3 A mechanism involving a "pyridyne" intermediate would involve a net loss (of 50%) of 
the deuterium label. 


Orie ни О: NH, T О а 
2-Pyridyne 


429 
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Since in the actual experiment there was no loss of deuterium, this mechanism was dis- 
allowed. 

The mechanism given in Section E.4 would not be expected to result in a loss of 
deuterium; thus, it is consistent with the labeling experiment. 


QU — ©з = QC, 


E.4 When pyridine undergoes nucleophilic substitution, the leaving group is a hydride ion— 
anion that is a strong base and, consequently, a poor leaving group. With 2-halopyridines, 
on the other hand, the leaving groups are halide ions—ions that are weak bases and thus 
good leaving groups. 


E.5 If we write the reactants in the following way, we can better see how the reaction occurs. 


? О 
CH CH | 
i „Сове E : „СОЕ: 
a | (2 addition т Е -H,O 
с, эг —— КН с—сн, ——- 
Etoc ~ EtOC’ NC 
| 02 | OH 
О H* O H 
| | 
(Hs — сок . Нз одов 
=C CH НО--С, CH 
llo =, VERA Y 
f 
вюс” м "cu, Eoc CN "cu, 
Ó O H 
CH, СОЕ! CH, COR 
+ 
HO H H,O H zi 
H «——— H эг 
EtOC № CH; БОС ом CH; 
H 
? О 
| | 
CH; COEt CH, COEt 
/ H tautomerism IK 
м— С 
2 
нэ. N^ CH; Bloc N CH, 
О о H 
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О О 
! 2 _ | 
CH,CCH,NH, Cl + oH > cu,CCH,NH, 


CH, CH, 


| | -H,O КЕ ОН” 
ӨЧ сэв CERES CE с» 
св, 9- CH, єн, „С, 
NH, w^ CH, 
ote CH, CH, 
2 {СН 0-C€—-CH, +6 НО-С--СН 
Ge ad к wu Y 
“Хх HC C Е H,C C 
Ки CH, NA "CH, 2 W “СН 
СН, СН, 
-H,O == i 
2 " tautomerism | | 
2 
Н N CH, N CH, 
H 
H 
rs CH, 
Л 


ch, 100°с [22 
E6 (a) [7 + (NH),CO, ——> _ МН *2H0 + NH,HCO, 


C—O A CH, 


х 
C NH, - 
| b 3 pd 
M О = м-н +2H,0 
- 
CH, 0 
T B CH, 
CH, 
CHOCH), | NE, 5 у 
(c) CH, + н => | № + 4CH,OH 
CH(OCH,), CH ^" N 


С CH, 
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CH, CH, 
c Cy H, 
A AR 
О N N о 
«o P HN мш, ЭГ Ср о, n 
He. gO HN а N 
CH, D CH, Е CH, 
(e) NH, + || { ZnCh СН, — 
ae gem FeCl, c^ OR 
3 Рак 
Ц Сн Xp 
N | 
С2| + њо 
F CH, 
CH;-CH 


O N (1) KMnO,, ОН” om 
> 
! Q)H* C) 
: CH, 


G  Nicotine H  Nicotinic acid 
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SPECIAL TOPIC 
Alkaloids 


SOLUTIONS TO PROBLEMS 


Е1 (a) The first step is similar to a crossed Claisen condensation (see Section 19.2A): 


0 0 
COCH,CH, м С | 
Ое) ses. OD 
| N О N 
CH, 


N CH, 


(b) This step involves hydrolysis of an amide (lactam) and can be carried out with 
either acid or base. Here we use acid. 


0 
| 


О 
| 
E C-CHCH,CH,NECR, C—CH,CH,CH,NHCH, 
о?” ОГ Сон heaty, (ОГ 
2 
N 


N 


(c) This step is the decarboxylation of a substituted malonic acid; it requires only the 
application of heat and takes place during the acid hydrolysis of step (b). 


(d) This is the reduction of a ketone to a secondary alcohol. A variety of reducing agents 
can be used, sodium borohydride, for example. 


он 
CHCH,CH,CH,NHCH, 
NaBH , 


(e) Here we convert the secondary alcohol to an alkyl bromide with hydrogen bromide; 
this reagent also gives a hydrobromide salt of the aliphatic amine. 


NE 
CHCH,CH,CHN “CH, Br 
=O} 
heat 


433 
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Е2 


ЕЗ 


(f) Treating the salt with base produces the secondary amine; it then acts as а nucleo- 
phile and attacks the carbon atom bearing the bromine. This reaction leads to the forma- 
tion of a five-membered ring and (+) nicotine. 


Br 


| i 
base O Lp | base N 
—— — 
-HBr -HBr (О | 
N N 


CH, 


(a) The stereocenter adjacent to the ester carbonyl group is racemized by base (probably 
through the formation of an anion that can undergo inversion of configuration; cf. 


Section 17.3). 


ГР 
(b) 
H 
F 
б н" “сн,он 
65 H 
св, 
N 
(a) 
С,Н,СНСО,Н 
HO ^H Н,ОН 
Tropine (+) Tropic acid 


RU Tropine is a meso compound; it has a plane of symmetry that passes through the 
„СНОН group, the *NCH, group, and between the two —CH, — groups of the five- 


membered ring. 


H,c-CH С 
шээг. аас NCH;--CHOH--- plane of symmetry 
/ 
Н/С-сН--6СЁ, 
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(c) 


OH 
y-Tropine 


Pd 


H Си 
Ò сны, 


HN 
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CN AE 5 
шашны... 
Ora —7* heat 
СН, ч CoH, NI 
N(CH,), Г 
eon) y 
Qyhet > heat 
Свим 


Е5 One possible sequence of steps is the following: 


CHO CHO 

нс” но +" нс“ 
+ СН r 

TN NE, шан ч 

СНО CHeNHCH, 

CO,H „COMH Mannich 
icu i HC reaction (See 

enolization z. i 
х=о LE у 2 £5 Section 19.10) 

HC. ње B 

COH COH 

CHO 
нс” 

| но +9 N enolization 
н; NECH, N—CH, = 
хи он 3 
TR О +H; , о 
| [| 
тулаан оч puce сан 
СО,Н СО,Н 
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CO,H 
КА —CH, m 200, 
(CH Mannich 
CH reaction (See 
нојс“ р “сод Зеспоп 19.10) CO,H 
:OH 
єн, 
N 
o>. | 
| \ 
О 
Тгоріпопе 
Е6 ное СН,О 
XO N 
СН,О s CH,O Ол ~ 
OH РО 
+ — CH,O » 
гаа | heat (-H5O) 
СН,О 
СН,О 
SEES Суб ко, 
СН,О СН,О 
21 О Ө! 
CHO Pd СН,О 
СН,О heat (-Н,) CH,O 
CHO | СН,О E 
Dihydropapaverine Papaverine 


Е7 А Diels-Alder reaction was carried out using 1,3-butadiene as the diene component. 


Ow 
on 


CHO CHO 
h 
CHO Ё о к= (но 
мас-С 
N=C-CH, О 
| + 
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SPECIAL TOPIC F 


K8 Acetic anhydride acetylates both -OH groups. 


О Heroin 


Е9 (a) A Mannich reaction (see Section 19.10). 


но, +" (х 
(b CHO + НМСН), <=> CH=N(CH,), 


СА 
2 
H 
H CH,N(CH,), 
H,N(CH,), 
Y 17 Hy C) 


| N 
H H 
Gramine 
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PHENOLS AND ARYL HALIDES: 
NUCLEOPHILIC AROMATIC 
SUBSTITUTION 


SOLUTIONS TO PROBLEMS 


21.1  Anelectron-releasing group (i.e., -CH,) changes the charge distribution in the molecule 
so as to make the hydroxyl oxygen less positive, causing the proton to be held more 
strongly; it also destabilizes the phenoxide anion by intensifying its negative charge. 
These effects make the substituted phenol less acidic than phenol itself. | 


H " 
+ H,O t. © + H,O* 
+ 
cu,® 


CH, 
Electron-releasing -CH, destabilizes 
the anion more than the acid— pK, is 
larger than for phenol. 


21.2 An electron-withdrawing group such as chlorine changes the charge distribution in the 
molecule so as to make the hydroxy] oxygen more positive, causing the proton to be held 
less strongly; it also can stabilize the phenoxide ion by dispersing its negative charge. 
These effects make the substituted phenol more acidic than phenol itself. 


OH 
+ но æ + HOt 


а с19- 
Electron-withdrawing chlorine stabilizes 
the anion by dispersing the negative 
charge. pK, is smaller than for phenol. 


438 
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21.3 


21.4 


PHENOLS AND ARYL HALIDES: NUCLEOPHILIC AROMATIC SUBSTITUTION 439 


Nitro groups are very powerful electron-withdrawing groups by their inductive and reso- 
nance effects. Resonance structures (B-D) below place a positive charge on the hydroxyl 
oxygen. This effect makes the hydroxyl oxygen dramatically more positive, causing the 
proton to be held much less strongly. These contributions explain why 2,4,6-trinitrophe- 
nol (picric acid) is so exceptionally acidic. 


| Н 

б :O: i: Ó 8 10: 

й 14 1 [ M» 

g” NNO do ^07 

| ^ ж» Ca 2) О; «> 


А B 

H H 

Gs e :б Oi ide б 

ma al + 4i 

- 07 бе жъъ” 07 Nov 
+ +. 
A #50, g^ 56; 

C D 


Dissolve the mixture in a solvent such as СН,СІ, (one that is immiscible with water). Us- 
ing a separatory funnel, extract this solution with an aqueous solution of sodium bicar- 
bonate. This extraction will remove the benzoic acid from the CH,Cl, solution and trans- 
fer it (as a sodium benzoate) to the aqueous bicarbonate solution. Acidification of this 
aqueous extract will cause benzoic acid to precipitate; it can then be separated by filtra- 
tion and purified by recrystallization. 

The СН,СІ, solution can now be extracted with an aqueous solution of sodium hy- 
droxide. This will remove the 4-methylphenol (as its sodium salt). Acidification of the 
aqueous extract will cause the formation of 4-methylphenol as a water-insoluble layer. 
The 4-methylphenol can then be extracted into ether, the ether removed, and the 4- 
methylphenol purified by distillation. 

The СН,СІ, solution will now contain only toluene (and СН,СІ,). These can be 
separated easily by fractional distillation. 


(a) The para-sulfonated phenol, because it is the major product at the higher tempera- 
ture—when the reaction is under equilibrium control. 


(b) For ortho sulfonation, because it is the major reaction pathway at the lower temper- 
ature—when the reaction is under rate control. 
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440 PHENOLS AND ARYL HALIDES: NUCLEOPHILIC AROMATIC SUBSTITUTION 


21.5 If the mechanism involved dissociation into an allyl cation and a phenoxide ion, then re- 
combination would lead to two products: one in which the labeled carbon atom is bonded 
to the ring and one in which an unlabeled carbon atom is bonded to the ring. 


Q-CH;-CH-CH, 
„dissociation y, Ô р ён —CH ty, 
ыы 
s OH їй 
CH;-CH-CH, СН,-СН--СН, 


The fact that all of the product has the labeled carbon atom bonded to the ring eliminates 
this mechanism from consideration. 


H х PEN" 
21.6 ОН мон Ма” cg,-cHCHSE 
. M > 
(52) 
OCH;-CH-CH, 
О + NaBr 


О О О 
217 (а) (b) X X2 (c) 
О О O 
О О О 
2 Е 
21.8 "E: —>» — Ди 
О О О 
ОН 
2 NaBH, 
OH 
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СН,СН, NH, NHC,H, SCH,CH, 
NO, NO, NO, | NO, 
21.9 (a) (b) (c) (d) 


О, 2 2 2 


21.10 That o-chlorotoluene leads to the formation of two products (o-cresol and m-cresol) 
when submitted to the conditions used in the Dow process suggests that an elimination- 
addition mechanism takes place. 


on 
CH, | ge 
он к | 
OH OH 


Inasmuch as chlorobenzene and o-chlorotoluene should have similar reactivities under 
. these conditions, it is reasonable to assume that chlorobenzene reacts by an elimination- 
addition mechanism in the Dow process. 


21.11  2-Bromo-1,3-dimethylbenzene, because it has no a-hydrogen, cannot undergo an elim- 
ination. Its lack of reactivity toward sodium amide in liquid ammonia suggests that those 
compounds (e.g., bromobenzene) that do react do so by a mechanism that begins with 
an elimination. 


21.12 (a) (Oor: + CHCHOH (Ы) (Oon: + H,O 


CO,Na 
(c) (О) + NaCl (9) Qo 
OH OH OH 
21.13 (а) (b) SO,H 
+ 
Br SO,H 


(major) (major) 
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H OH 
(c) SO,H (d) Н,С- OSO; CH, 


+ 
SO,.H 
(major) 
OH Q 
(e) Br Br (f) (eq 
COH 
Br р 
ОН 9 
(p Br Br (h) O-C-C,H, 
CH, 


(i) Same as (h) 0) (Оо (k) С)-ов, 
(1) Same as (k) (m) ХО)-осьсн, 


21.14 (a) 4-Chlorophenol will dissolve in aqueous NaOH; 4-chloro-1-methylbenzene will 
not. 


(b) 4-Methylbenzoic acid will dissolve in aqueous NaHCO,; 4-methylphenol will not. 


(c) Phenyl vinyl ether will react with bromine in carbon tetrachloride by addition (thus 
decolorizing the solution); ethyl phenyl ether will not. 


(d) 2,4,6-Trinitrophenol, because it is so exceptionally acidic (pK, = 0.38), will dissolve 
in aqueous NaHCO,; 4-methylphenol (pK, = 10.17) will not. 


(e) 4-Ethylphenol will dissolve in aqueous NaOH; ethyl phenyl ether will not. 


21.15 Both o- and m-toluidine are formed in the following way: 
CH, CH, 
NH; NH, NH, 


CH, CH, - 
Ai gm ug 
uc | CH, CH, 
(я : 
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Both m- and p-toluidine are formed from another benzyne-type intermediate. 


CH, CH, 
NH,” 
H- NH 
CH, CH, ig g’ 
NH, NH, 


CH, 


за 27 


a CH, 
Hoo NB NH; Q 
NB, NB, 


— 


443 


21.16 (a) 4-Fluorophenol because a fluorine substituent is more electron withdrawing than a 


21.17 


methyl group. 


(b) 4-Nitrophenol because a nitro group is more electron withdrawing than a methyl 


group. 


(c) 4-Nitrophenol because the nitro group can exert an electron-withdrawing effect 


through a resonance effect. 


сон ОН 
2 
О о -0 onm 


Whereas in 3-nitrophenol this resonance effect is not possible. 
(d) 4-Methylphenol because it is a phenol, not an alcohol. 


(e) 4-Fluorophenol because fluorine is more electronegative than bromine. 


(a) {Ав —> =: + Н—О—Е 


(b) Because the phenolic radical is highly stabilized by resonance (see the following 


structures), it is relatively unreactive. 


(98 <> (бе (Ове С» 
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21.18 a = ир! 
on oc 3 oo 


o H- 


Dibenzo-18-crown-6 
21.19 X is a phenol because it dissolves in aqueous NaOH but notin aqueous NaHCO}. It gives 
a dibromo derivative and must therefore be substituted in the ortho or para position. The 
broad IR peak at 3250 cm~! also suggests a phenol. The peak at 830 ст! indicates para 


substitution. The !H NMR singlet at 6 1.3 (9H) suggests nine equivalent methyl hydro- 
gen atoms, which must be a tert-butyl group. The structure of X is 


OH 


CH; C-CBH, 
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OH OH OH 
CH, - С(СН,), 
21.20 (а) + СН:-0-сн, —> + О 
C(CH,), 
OCH, OCH, OCH, 
OH OH 
3 (СНУ); C(CH5), 
(b) —¢ E 
+ 2CH;C-CH, —> 
СН, СН, 
BHT 
Notice that both reactions are Friedel-Crafts alkylations. 
OH H 
5О,Н Cl SO,H 
21.21 550, pm 5 BO 
oe asc * HO 
(steam) 
Cl 
ОА 
— MOH y ы 
+ = 
“аснсон” ce. ==» 
Cl 
ОСН,СО,Ма ОСН,СО,Н 


: Cl 
HO 


21.22 The broad IR peak at 3200-3600 ст-! suggests a hydroxyl group. The two ЇН NMR 
peaks at д 1.67 and 6 1.74 are not a doublet because their separation is not equal to other 
splittings; therefore, these peaks are singlets. Reaction with Br,/CCl, suggests an alkene. 
If we put these bits of information together, we conclude that Z is 3-methyl-2-buten-1-ol. 


24-D 


(a) CH, H(c) (a) and (b) singlets 8 1.67 and 6 1.74 
c= (c) multiplet 65.40 
AL (d) (e) (d) doublet 8 4.10 


(b) CH, СН,ОН (e) singlet 8 2.3 
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С“ 
21.23 (Qv + H,C—CH-CH,Cl —> O i 
GO OH 
Н.С 


HE Epichlorohydrin 
OH "p t 
— O-CH;-CH—CH, ——— — —— 
B 
Н.С 
H, 
O-CH--CH-CHEN-CH-CH, 
OH H 
H,C 
Toliprolol 


21.24 The proximity of the two -OH groups results in the two naphthalene nuclei being non- 
coplanar. As a result, the two enantiomeric forms are nonequivalent and can be separated 
by a resolution technique. 


ОО” ' "OO 


21.25 One can draw a resonance structure for the 2,6-di-tert-butylphenoxide ion which shows 
the carbon para to the oxygen as a nucleophilic center; that is, the species is an ambident 
nucleophile. 


Given the steric hindrance about the oxygen, the nucleophilic character of the para 
carbon is dominant and an SyAr reaction occurs at that position to produce this biphenyl 
derivative: 


C(CHj), 


„© 


C(CH,); 
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21.26 The phenoxide ion has nucleophilic character both at the oxygen and at the carbon para 
to it; it is ambident. 


The benzyne produced by the elimination phase of the reaction can undergo addition then 
by attack by either nucleophilic center, reaction at oxygen producing 1 and reaction at car- 
bon producing 2. 


21.27 Н is expected to be a very poor leaving group because of the strong basicity of the hy- 
dride ion. In this case the reaction is favored not only by the activating nitro groups but 
also by the oxidant ferricyanide ion, which converts H7, as it forms, to H}. 


Q 
| 
С-$ 
+2128 ] 20 N y о / 
C—s 
У x Y 


727 Ni 
)- / 
N 
\ 


7 
*21.29 HO OH HO OH — HO O—H 
хо —> 
ОН О HO Н 
p (or BH,) 
HO OH HO O но HO (оўн 
——»- 2 
A но E H 
H (or BH; ) 
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ANSWERS TO 
SECOND REVIEW PROBLEM SET 


450 


The problems review concepts from Chapters 13-21. 


саса ан Ела) 


О оо О 
| | || | 
(а) cu, cu, < СН,СН/ОН < сн,обсн,босн, < CH,COH 


«Qe Са < ОО 
ї 
(с) eoe « О < (CH,),N О 


(d) СН,СН, Um « NUM < CH,CCL, dion 


(e) Он < (О) < Эн 
f 
О 


О 
| 
(a) CH NH, < NH, <  CH,CH,NH, 


(b) (Qv. < TOR < C». 
On О Он 


(d) CH,CH,CH, < СНОСН, < CH,NHCH, 
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(a) 


(b) 


(c) 


(d) 


(e 


ми 


(f) 


(g) 


(h) 


( 


ми 


G 


зэ 


ANSWERS TO SECOND REVIEW PROBLEM SET 451 


PB 
CH,(CH,),CH,OH --2-9 CH,(CH,),CH,Br 


(or HBr) 


Ou 


/ 
сн,(СН,),СН,Вг —————> CH,(CH,),CH;—-N. О) 


[from part(a)] 


H,NNH, 


—— > CH,(CH,),CH,NH, + | 


heat 


CH,(CH,),CH,Br ===> CHCH) 


{from part(a)] 


f 

С 

C 

li 

О 
н. 
JN 


LiAlH 
CH,CN — —JÀ CH,(CH,),CH,NH, 


О 8 
(1) KMnO,, OH, heat | 
CH,(CH,),CH,OH | > CH,(CH,),COH 


(2) Кеш 


H,0*,H,O 


CH,(CH,),CH,CN -Эдгэ» CH,(CH,),CH,CO,H + NH," 


[from part(c)] 


Ч SOCL 1 
CH(CHj, oH ——» CH,(CH,),CCI 


[from part(d)] 


О о 
NH | 
Сн(СН),СС1 — CH,(CH,),CNH, 


(from part(f)] 


CH,(CH,),CH,OH 


О О 
| 
CH,CHj Cl 20375 CH(CH),COCH,(CH;,CH, 


[from part(f)] 


()Br,, OH 


О 
CH,CH,) NH, в CHQHCH,NH, + CO," 


Q)H,0* 
[from part(g)] 


MEAS Я 227 
CH, CECI о> (Onen, HCl “Na 


AICI, 
[from part(f)] 


{С))—сыснун, 
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o 
О П 
CH,(CH,),CONa 
(k) CH,(CH,),CCl_ —————у›> [CH,(CH,),C1,0 
[from part(f)] 
COE 
Na* ч, 
с Be (1) OH’, H,O, heat 
0) CH,(CH,),CH,Br —€—— CH,(CH,),CH,CE CETT 
[from part(a)] Сод 


он 


CH,(CH,),CH,CH heaty, CH,(CH,),CH,CH,CO,H 


-СО, 


СО, 
4 — > H,C вг М» HC MgB 
· @ HC FeBr, Ё то» О 3 En 


(separate from 
ortho isomer) 


cen ” 1. 
[T >’ Н,СН,ОН cuo? a> Hc Я 


condensation) 


CH, 


CH,=CHCH, a тн, 
(b) HF E CCl, LT bi xs 


3 CH, 


base M (1) THF: BH, 
эв» (Deren боон” (О) gen 


CH, CH, 


m НСН,ОСН,СН 
> 
(2) СН,СН,Вг T ЕВА 


CH, 


| 
Мн, а NHCCH, " 


и 
(CH,C),0 Cl, FeCl m 
————»- — 
(c) (separate from а NHCCH, 


ortho isomer) 
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Br 
OH: Br, (DHONO, HONO 
но” TOR ET (Qo. ооо» (2) H,PO, © 
heat Br 
HNO,, Н.5О. 1) KMnO,, ОНТ, heat 
(d) сн, (О) — 24 am ee эр к= 
(separate from (2) HO 
ortho isomer) 
SOC LiAIHIOC(CHSS > 
ON los » О, N ethyl ether T ether 


NaC=CH = 
(e) (Qa “rm (О) MM. {С)-сс=н 


О H 
Не*, ЊО" || q H40* 
ено > (О) BO, Н,ССН, ——> 
H,O Í heat 
CN 
OH 
(Qr CH, но” 2 
CO,H CO,H 
0 
Н.С BOC H H,C m 
2 iels- 
" | Diels Alder, 
х. reaction " 
H^ "COE: i 
2-Methyl-1,3-butadiene A o 


: enantiomer 
Diethyl fumarate 


| HC CH,OH Н.С CHBr 
PB 
| "CHOH "CH,Br 
T 


B + 
enantiomer enantiomer 


nos 
"СН, 
р - 
enantiomer 
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CH, 
6. (a) Ais сн=сніс=сн Cis BrMgOCH,CH —бс=СМаВг 
бн 


(b) A is ап allylic alcohol and thus forms a carbocation readily. B is a conjugated enyne 
and is therefore more stable than A. 


3 H 3 
CH;=CH—C-C=CH Ho” сн=сн-С—С=сн <> 
A “Н | 
HO 
CH,-CH=C-C=CH uet HOCH;-CH-C-C-CH 
S : 
B 
CH; 
2 СН | 
7. | + BrMgOCH,CH=CC=CMgBr — —- > 
(2) HO 
CH, 
7 CH-C=C—C=CHCH,OH Н; 
бн Ni,B (P-2) 
D 
44 | 
2 H HCH,OH (СНОО 
aon =CHCH,OH (CHO; 


єн, Q 
CH-CH-CH-C-CHCH, обсн, -H,O 
225 
бн 
m 


Vitamin A acetate 
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О-он 


0 3 3 
8. сн,Ссн, +H > HO=C <> HO-C. — 


CH, CH, 
CH, + CH, 
но-<— он => oO Hy SEROR 
сн, Н СН, 


е — OX Or => 
-ОФО- 


Bisphenol A 


о 
(1) KMnO,, ОН“, heat 1 soc 
te 
9. ОМ CH, но“ ON COH ——» 


A 
О 


О 
t HOCH,CH,N(GH;) i 
ом—(О ба ------э» о м-С)-Өсисвмсно, 
B 


С 


Q 
Н, | 
> нх-(СС)-боокснмсно, 


Procaine 


| | 
о НС-С OH о HCzC, O—C—Cl 


| 
1) HC=CN аса 
10. > > 
(2) NH, 


A B 


Ethinamate 
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ANSWERS TO SECOND REVIEW PROBLEM SET 


О 
| 1 MgB 
11. (9 Ch DEC T с,н,СНОН у сн sCHBr ` 
3 
a CH B С Н, 
CH,),.NCH,CH,OH 
| тас 2-4 C.HsCHOCH,CH,N(CH,), 
-NDT 
C,H; 
Diphenhydramine 


(b) The last step probably takes place by ап $41 mechanism. Diphenylmethyl bromide, 
B, ionizes readily because it forms the resonance-stabilized benzylic carbocation, 


+ 
Сензсн 
СН; 


12. (a) For this synthesis we need to prepare the benzylic halide, B-C çir and then 
allow it to react with (CH,),NCH,CH,OH as in Problem 11. СН 


This benzylic halide can be made as follows: 


Q 


I|. (D GHyMgBr РВЬ 
— —» 
B CH o B -О)-сон TOR 
CH, 


CH, 


(b) For this synthesis we can prepare the requisite benzylic halide in two ways: 


CH CH, 


3 
О 
1. (1) GHsMgBr РВ» 
------» uM, 
O+ RO" On Оч» 


| „бе $ 
сн 2 = нон 28% HB 
65 Quo ^? po oud 


Сн; 


We shall then allow the benzylic halide to react with (CH,),NCH,CH,OH as in 
Problem 11. 


С,Н.О,С 

3. CH,CH н. CHCOCHO, ЕЮ C CH,—CHCN, Eto” 
А => 

| ! | нэг. 5 {н (Michael addition) 


Br 7N 
снос” "COH, 
A 
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CHOC. CH, . CHOC. CH, 
Л C;H,0H, Н N 
`сй 24 cht 
l (converts -CEN to 
= -COC;H os 
pos ит COH, Бас со 7 í COH, 
# s Сосн, шин Нь CO,CH, 
B С 
О 
CHOC. JL fH 
Eto” CH Сн (1) ОҤ, Н,О, heat 
(Dieckmann | | „сосн, (2) HO* 
condensation) H; ‘CO,C,H, 
О О 
HO,C CH, 
: си (3) heat CH, 
^, COH -2CO, 
х 
СО,Н COH 
О CH, О ПП 
dou НС! єй ic Пен СНССЊСОЕ!, base 
м. CH, 3  (acid-catalyzed 377 3 (Michael addition) 
aldol condensation) A 
Los i 
C;H,O;C | A Е нь Базе С,Н,О,С 
(intramolecular 
Н.С Зо 1 aldol condensation) BE 
ње“ "CH, “сн, HC CH, 
B С 
О 
H*, H,O, heat 
(hydrolysis and decarboxylation BE + со, 
of B-keto ester) H,C CH, 
D 
О _ ОН 
15 CH + СН,СН,ОН ie ^H HCH OH => 
у — (aldol-typé НС: cat. 
NO, reaction) n NO, 
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OH а (CHICO, 0 
CHCHCH, OH —>> ie СНСН,ОН XEM). » 


B NH, . NücoCHO, 
nm ен О 
| а 0 HNO, j4 3 Ї 
CHCHCH;OCCH, "Hso," ON СНСНСН,ОССН, 
NHCOCRCL МНСОСНСІ, 
р Е 
OH, њо ОН 
D 
(ester groups hydrolyze more Эл шинэсэн 
readily than amide groups) МНСОСНСІ, 
| Chloramphenicol 
О 
| СН,ОН | 
| HCH, OH | HCH, OH 
16. CH,CH,CH,CHCH — СН,СН,СН,ССНО à 
| (aldol addition) | (Cannizzaro 
CH, A CH; reaction) 
ie ! ү үт ү | э q 
CICCI 
Баг SHE — РА E My БЭ ах шанг 
Сн, TH; Сн, 
б б m 
B CH, C CH; CH; 
Meprobamate 
О 
d 
17. НС” Á  CH,CH,CH;0H | | soci 
"То — > CH,CH,CH,OCCH,CH,COH —=> 
С 
\ 
О 
] Í (CH,CH,,NH i | 
CH,CH;CH;,OCCH;CH;,CC] ————- —» СН,СН,СН,ОССН,СН,СХ(СН,СН,), 
B С 
Сен, Nc СН, H, 
18. + || ————- —— 
(Diels-Alder Pt 
H^ "NO, reaction) 
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Сен; 9 CH, CH; 
СН,СН Н, 
Ni 
E NH, С МН--СНСН, МНСН,СН, 
Fencamfamine 
CH, CH 
(1) 050, 3 со 
19. -> > 
СТ (2) NaHSO, С “Го CH,CO;H 
OH 
A 
S Infrared band in 3200-3550-cmr! regi 
X OH n and in - -cm'* region 
О Infrared band in 1650-1730-сш 1 region 
в и Ё 


Notice that the second step involves the oxidation of a secondary alcohol in the presence 
of a tertiary alcohol. This selectivity is possible because tertiary alcohols do not undergo 
oxidation readily (Section 11.8) 


20. Working backward, we notice that methyl trans-4-isopropylcyclohexanecarboxylate has 
both large groups equatorial and is, therefore, more stable than the corresponding cis 
isomer. This stability of the trans isomer means that, if we were to synthesize the cis 
isomer or a mixture of both the cis and trans isomers, we could obtain the desired trans 
isomer by a base-catalyzed isomerization (epimerization): 


СО,СН, О,СН, 
eq 
CH(CH,), CH(CH,), 
(more stable (cis isomer or mixture 
trans isomer) of cis and trans isomers) 


We could synthesize a mixture of the desired isomers from phenol in the following way: 


О,СН, О,Н MgBr 
CH,OH, H* POI 
(2) но Os *uo 


CH(CH,), CH(CH,), CH(CH,), 
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21. 


22. 


23. 


r H H 
PB, «CHCH, HF =CHCH;, HF 
жар < Friedel-Crafts -Crafts 
alkylation) 


CH(CHj) CH(CHj) CH(CH 
3/2 3/2 3h 


That Y gives a green opaque solution when treated with CrO, in aqueous H,SO, indicates 
that Y is a primary or secondary alcohol. That Y gives a negative iodoform test indicates 
that Y does not contain the grouping -CHCH The !3C spectrum of Y contains 


OH 
only four signals indicating that some of the carbons in Y are equivalent. The information 
from DEPT spectra helps us conclude that Y is 2-ethyl-1-butanol. 


(a) (b) (с) (d) (a) 511.1 
(CH,CH,),CHCH,OH (b) 823.0 
(c) 8 43.6 
(d) 864.6 


Notice that the most downfield signal is a CH, group. This indicates that this carbon atom 
bears the -OH group and that Y is a primary alcohol. The most upfield signals indicate 
the presence of the ethyl groups. 


That 2, decolorizes bromine іп ССІ, indicates that Z is an alkene. We are told that Z is the 
more stable isomer of a pair of stereoisomers. This fact suggests that Z is a trans alkene. 
That the !?C spectrum contains only three signals, even though Z contains eight carbon 
atoms, indicates that Z is highly symmetric. The information from DEPT spectra indi- 
cates that the upfield signals of the alkyl groups arise from equivalent isopropyl groups. 
We conclude, therefore, that Z is trans-2,5-dimethyl-3-hexene. 


СН A (a) 822.8 
a . 
~ Мо | (b) 831.0 
2 (c) 8134.5 
H CH(CH,), 
о CH,OH 

OH ÓH О 

(1) -H* 

— T 
(2) -H 
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SPECIAL TOPIC 
Electrocyclic and Cycloaddition Reactions 


SOLUTIONS TO PROBLEMS 


G.1 According to the Woodward-Hoffmann rule for electrocyclic reactions of 4n 7-electron 
systems (Section G.2A), the photochemical cyclization of cis, trans-2,4-hexadiene should 
proceed with disrotatory motion. Thus, it should yield trans-3,4-dimethylcyclobutene: 


E^ S hv : 
С < Уух а CH, + enantiomer 


CH, H 
CH, H 


cis, trans-2,4-Hexadiene trans-3,4-Dimethylcyclobutene 


ф of a hexadiene 
(Section G.2A) 


(b) This is a thermal electrocyclic reaction of a 4n 7-electron system; it should, and does, 
proceed with conrotatory motion. 


2 N hv H H heat у 
G.3 Н.С Pa disrotatory conrotatory 


H H 
CH, CH, 
trans, trans-2,4-Hexadiene cis-3,4-Dimethylcyclobutene 
"act. 
CH, H 


cis, trans-2,4-Hexadiene 


Here we find that two consecutive electrocyclic reactions (the first photochemical, the 
second thermal), provide a stereospecific synthesis of cis,trans-2,4-hexadiene from trans, 


trans-2,4-hexadiene. 


461 
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SPECIAL TOPIC G 


G.4 


G.5 


(a) This is a photochemical electrocyclic reaction of an eight 7-electron system—a 4n 
-electron system where n = 2. It should, therefore, proceed with disrotatory motion. 


O'S on, CH, 
H 3 y "ИН 
Н (disrotatory) mist 

w 27% "CH, 


cis-7, 8-Dimethyl-1, 3, 5-cyclooctatriene 


(b) This is a thermal electrocyclic reaction of the eight 7-electron system. It should 
proceed with conrotatory motion. 


7 = CH, heat ) а“ 
CH, (conrotatory) aui 
wv 7H CH, 


cis-7, 8-Dimethyl-1, 3, 5-cyclooctatriene 


(a) This is conrotatory motion, and since this is a 4n -electron system (where n = 1) it 
should occur under the influence of heat. 


H,CO,C CO,CH, heat " < М n. 
Y (conrotatory) 273 
А A CO,CH, H 


H 


(b) This is conrotatory motion, and since this is also a 4n 7r-electron system (where 
n = 2) it should occur under the influence of heat. 


= У 
heat 
> 
H,C N H D, (conrotatory) 
> хон 


(c) This is disrotatory motion. This, too, is a 4n 7r-electron system (where n = 1); thus 
it should occur under the influence of light. 


h 
Ca) бо 
Qo 


CH, H 
+ enantiomer 


© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc. 


G.6 
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SPECIAL TOPIC G 463 


(a) This is a (4n + 2) m-electron system (where n = 1); a thermal reaction should take 
place with disrotatory motion: 


то heat 
d | | D (disrotatory) 
H,C~ ^H H H 


24 E 


(b) This is also a (4n + 2) s-electron system; a photochemical reaction should take 
place with conrotatory motion. 


hv СС 
Lm ———— e 
«—————————— 
(conrotatory) | | 
H^ "CH, H^ “СН 
An Ан 


Here we need a conrotatory ring opening of trans-5,6-dimethyl-1,3-cyclohexadiene (to 
produce trans,cis,trans-2,4,6-octatriene); then we need а disrotatory cyclization to pro- 
duce cis-5,6-dimethyl- 1,3-cyclohexadiene. 


heat „ 
a (1 йн (disrotatory) 


H^ cut Б 22 


trans-5,6-Dimethyl-1,3- trans, cis, trans-2,4,6- 
cyclohexadiene Octatriene Съ но 


H H 
cis-5,6-Dimethyl-1,3- 
cyclohexadiene 


Since both reactions involve (4n + 2) z-electron systems, we apply light to accomplish 
the first step and heat to accomplish the second. It would also be possible to use heat to 
produce trans,cis,cis-2,4,6-octatriene and then use light to produce the desired product. 
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SPECIAL TOPIC G 


G.8 Тһе first electrocyclic reaction is a thermal, conrotatory ring opening of a 4n z-electron 
system. The second electrocyclic reaction is a thermal, disrotatory ring closure of a (4n + 
2) тг-еесїгоп system. 


All three 
trans double 
| heat bonds are 
ын | | (conrotatory) involved in 
H the second 
cis cis cis reaction 


is not involved in 
the first reaction. 


рафа 
This double bond [s 
A H 


B 


G.9 (a) Therearetwo possible products that can result from a concerted cycloaddition. They 
are formed when cis-2-butene molecules come together in the following ways: 


HC CH, | СН, 


НС u 
os 
H H 
CH, н 
HC CH, 
H CH, 
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(b) There are two possible products that can be obtained from trans-2-butene as well. 


CH, CH, 
3 
hv H H 
H, CH, 
CH, H 
3 
H, H 


G.10 This is an intramolecular [2 + 2] cycloaddition. 


N N 
С.11 
H H 
N N 
H CH, 
+ 
Enantiomer 
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SPECIAL TOPIC 
Organic Halides and 
Organometallic Compounds in the Environment 


SOLUTIONS TO PROBLEMS 


OH 
|| | 
на CLC-CH + HSO €> m. <> ud + HSO, 
+ 


OH OH 
Cl,C-CH сьс-Сн 
E 
ChC- ү + © = нң на YA 
Cl $ Cl CI 
OH OH, 
С1,С-СН сьс-ён CLC-CH 
=> 
де Qu © 
CI CI 
* HSO, + НО 
H н 
О pO OO = 
CI са + са 


H.2 Ап elimination reaction. 


НЗ (а) а 


а 
- OH OH 
Я 6 - | Cl <> and so on 
cl ст 
а 


СІ 
466 
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! он ! 1 
V (А ОН о 
(95 С" ® 
а CI Cl 
Cl Cl Cl 


OR SOK = ы 


Scr) 
Ci 9 Cl 
295006! 
Cl Cl 
H.4 An Sy? reaction: 
| O 
S H ас 
О CH;-Cl O-CH,C—O 
+ | —_> + Cl 
C 
Cl o^ ^w Cl 
СІ о Cl 


467 


© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc. 


SPECIAL TOPIC 


Transition Metal Organometallic Compounds 


SOLUTIONS TO PROBLEMS 


1.1 


Cyclobutadiene iron 
tricarbonyl 


Total number of 
d = valence electrons = 
(both s and d electrons) 
of elemental iron 


d'=8-0=8 


Total number 

of valence electrons = 
of iron in the 

complex 


ЫН 

мал! 
х 

211) 


Мп 
ос7 | “со 
СО 


Cyclopentadienylmanganese 
tricarbonyl 


Ч ГА 
4 
ГРА 


d'z7-—1z6 


Total number of 
valence electrons = 
of Mn in complex 


468 


oxidation state 
of the metal 
in the complex 


electrons 
d" + donated by 
ligands 


8 + 3(CO) + cyclobutadiene 
8 + 3(2)+4=18 


6 + 3(СО) + Ср 


6 + 3(2) + 6=18 


© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc. 


€» 


` TY. 
х Hi 
11, 
а гии 
31172 
Ми 


Cr 
oc^ “со 
CO 


Benzene chromium 
tricarbonyl 


E 

1 

х 
сал 


фФ-6-0-6 


Total number of 
valence electrons 
of Cr in complex 


SPECIAL TOPIC | 


6 + 3(CO) + benzene 


Ш 


6 + 30) + 6 = 18 


469 


L2 А syn addition of D, to the trans alkene would produce the following racemic form. 
СОК CO,Et 
H СОК Hy = „D р = JH 
LN ын! 2 ^. ^ Ра ^ я 
С Rh (Ph;P,Cl C № 
а A 
нос" "н HY” fp реф "n 
СОЕ СОБЕ: 
. ligand | 
1.3 (Ph,P),RhCl + CH,Li exchange (Ph,P),RhCH, + LiCl 
(16 electrons) (16 electrons) 
ВЫ Вы 
Oxidative 
T addition 
H, (Ph,P),Rh(CH,)I 
reductive 
i (Ph,P),RhI elimination 


(16 electrons) 


Rh! 


(18 electrons) 
вый 
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(a) 
L4 (Ph,P),Rh(CO)C] + CH,Li ——> (Ph,P),Rh(CO)(CH,) + LiCl 
1 2 
(16 electrons) (16 electrons) 
Rh! ЕМ 
0 
(b) | снса 
0 (с) 
(Ph,P),Rh(CO)CI + cH, CH, <—— (Ph,P),Rh(CO)(COC,H,)(CH,)CI 
3 
(16 electrons) (18 electrons) 
Rh! ВЫП 
(a) Is a ligand exchange 
(b) Is an oxidative addition 
(c) Is a reductive elimination 
-Ph,P : 
1.5 1. (Ph,P,Rh(COH ———> (Ph,P),Rh(CO)H Ligand 
dissociation 
(18 electrons, Rh!) (16 electrons, Rh!) 
о 0 PPh CO,CH, 
CH,OCC=CCOC OQ, | 3 i 
2. (Ph,P,Rh(Co)u С ОСС ССОСЊ И Ligand 
Ph pri Ç association 
(16 electrons, Rh!) 3 H CO,CH, 
(18 electrons, Rh!) 
PPh CO,CH, 
о, с 2. 27 
ын СО,СН, Insertion 
PhP $ РьР “с” 
CO,CH, | 
(18 electrons, ВЫ) ye 


N 
H СО,СН, 
(16 electrons, Rh!) 
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CH, 
OC | Ph 
M e m CH,-I 3 
4 в сосн = >» CO,CH, Oxidative 
ИОМ 273 и“ 3 Se 
Ph,P ї Ph,P | addition 
SN 
Нн `CO,CH, н сон, 
(16 electrons, Rhl) (18 electrons, КШ 
ЇР E CH, (СО,СН, 
5. m CO,CH, ——> RhKCOXPPh), + [| Reductive 
PhP” | м i „©. elimination 
I 1 (16 electrons, КЬ) H CO,CH, 
EN 
H 'сојсн, 


(18 electrons, Ён) 


1.6 (CH,),CuLi „(Он —— | CH; О) Lit Oxidative 
addition 


CH, 


| 
Xe — (Qro. * CH,Cu  Reductive 
elimination 


* Lil 
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CARBOHYDRATES 


SUMMARY OF SOME REACTIONS OF MONOSACCHARIDES 


шон 
В 
Ч (СНОН), ^ Aldonic acid 
CH,OH 
COH 
(СНОН) P Aldaric acid 
CO,H 
CH=NNHC,H, 
Т | = Сн, Osazone 
CH (СНОН), 1 
СН,ОН CN CHO 
ш (CHOB),,, Cyanohydrin 229275, (CHON) 
Ореп-сһаїп (Kiliani-Fischer T n+l У steps T n+l 
form of aldose synthesis) CH,OH CH,OH 
LOH Aldose with 
со Лавн ul (CHOH), Alditol one more 
| carbon 
CH,OH 
К... 
1) Вг,/Н,О 
an S y o (CHO n_| Aldose with one 
2 
(Ruff degradation) СН,ОН fewer carbon atom 
CHOH o CH,OH o 
EN сњон _ НО (СН;),50, 
НО OH CHOH Ht HO OH CHOCH, он 


Cyclic form of D-glucose 


472 


Methyl glucoside 
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Н,ОСН, Н Of. 
О — 
CHO wk H,O 
CHO o CHOCH, 


CH, 


SOLUTIONS TO PROBLEMS 


22.1 (а) Two, CHO 
*СНОН 
*СНОН 


CH,OH 


СН,О 


Reis 


CHO 


CARBOHYDRATES 473 


(b) Two, CHOH 


С=О 


HOH 
CH,OH 


OCH 
-> H 
О СНОН CHO 
CH, H 
H 


О 
Ñ 
CH 
OCH, 
H 


OCH, 


(c) There would be four stereoisomers (two sets of enantiomers) with each general 


structure: 22 = 4, 


Hu. «ОН HOw C aH 
| | 
Hee “ЗОН НОР ЕН 
CH,OH CH,OH 
D L 
CH,OH CH,OH 
С -0 c =O 

Ны č «ОН НОњ Н 

Не = “OH —— 
CH,OH CH,OH 
D L 
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22.3 (a) HOCH, CH,OH 
HO 9 and Н 


HO oH “OH 


D-(4)-Glucose 2-Hydroxybenzyl alcohol 


() HOCH, ~ и HOCH, AN y 
HO Q f CHOH “ig HoT CH,OH 
$e H-Ó*H HO > 
HO = 


ОН ж Z 


Salicin 


HOCH, . 


ot Н-0-Н 0 


————» HO CN <> НО 
HO 


HO oH “ОН 


22.4 Dissolve D-glucose in ethanol and then bubble in gaseous НСІ. 


HOCH, 2 ” НОСН, = 
НО AU ва wry HO 

=. — 3 M 

НОУОН “~~~ но Хан 


HO D 
HOCH, =, 


о но о H-O-Et 
fd hs H :: 
5 == - IN CM md 
HO HO O—EFt 


OH 


HO oo HO OH 
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22.5 Since glycosides are acetals, they undergo hydrolysis in aqueous acid to form cyclic hemi- 
acetals that then undergo mutarotation. 


22.6 a-D-Glucopyranose will give a positive test with Benedict’s or Tollens’ solution because 
it is a cyclic hemiacetal. Methyl a-D-glucopyranoside, because it is a cyclic acetal, will 


not. 
22.7 (a) Yes (b) CO,H (c) Yes (d) О,Н 
HO H H H 
HO H H H 
H H COH 
H H 
CO,H 
D-Mannaric acid 
(e No (Р) CHO ОН 
HO H HNO, HO H 
H H H H 
СН,ОН СО,Н 
D-Threose D-Tartaric acid 


(g) The aldaric acid obtained from D-erythrose is meso-tartaric acid; the aldaric acid 
obtained from D-threose is D-tartaric acid. 


22.8 Ч 9 
C C—OH 
H H and H H 
HO—l—H H 
H H H 
H H | H H 
ш Ц 
О О 


22.9 One way of predicting the products from a periodate oxidation is to place an -OH group 
on each carbon atom at the point where C-C bond cleavage has occurred: 


-0-0Н 0; фон 
-0-он ^? On 


+ 
OH 


| —OH 


© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc. 


476 


CARBOHYDRATES 


Then if we recall (Section 16.7A) that gem-diols are usually unstable and lose water to 
produce carbonyl compounds, we get the following results: 


xo 


O-H 
Сн —> 450 + но 


TA —> -Ç=0 + но 


Let us apply this procedure to several examples here while we remember that for every 
C-C bond that is broken 1 mol of НО, is consumed. 


CH, 
H, н-СУ0-н 
H-C—OH «Он О 
-2HO0 | 
(a) ----- 1 —— + но, >» + и > 2 CHCH 
н-с—ОН QE A 
CH, 
H H 
н-050-н Н-0-0 
н “Он 7 
(b Н-С-ОН ii * 
M Еви О-Н О 
i 39 -3H,0 Д 
H-C-OH +290, —* 4 H-C-0-H р  H-C-0H 
Sa I-— Сон + 
H-C—0H * 
H Н-С-0 
СН, Y | 
H-c~o1H CH, 
CH, 
H H 
H нон H-C= 
(c) Н-С-ОН Он 
E ł------ + -2H,0 F 
H-Ç—OH + но, > OH шин 0 
H-C—OCH, Н-С-ОН b 
бен, B - осн, Н-С-ОСН, 
ОСН, H, 
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H 
н-б—он H 
H бн Н-С-О 
(d) Н-С-ОН + Н 
NN |------ d 2Н,О 0 
2 + 2H, —» E ——» H-C-0H 
аж он 7 H 
C—O Зо 
| + он И 
CH, | CH,COH 
ЈЕ“ 
CH, 
lu 
çH, H о 
(е) С=0 + 
22222 }------ OH #55 2 cH, oH 
H-C-OH + 280, —> 4 н-С-он »— + 
m pus Он о 
и + НСОН 
CH, OH 
ç=0 
CH, 
H 
H io 
(f) MC. on Н,С--0 | 
— но 
Н.С B ам + но, — > Н,С 
\ сон 2 5 
Erw Н.С-С-ОН | ji 
| HCCH,CH,CH,CH 
4 н 
Жаш H-C-O 
Н-С-ОН бн 233 = 
(В) -----{-----—- + HIO, — + ———- 
H 
H,C-C-OH » о on T2 
CH - 
i , CH, 
CH, 
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22.10 


=> 


T 
Е 


D-Erythrose 


Oxidation of an aldohexose and a ketohexose would each require 5 mol of HIO, but would 


give different results. 


Ketohexose 


HCO,H 
+ 
HCO,H 
+ 
HCO,H 
+ 
HCO,H 
+ 
HCO,H 
+ 
HCHO 


HCHO 
+ 

CO, 

T 
HCO,H 
+ 
HCO,H 
+ 
HCO,H 
+ 
HCHO 


(5 HCO,H + HCHO) 


(3 HCO,H + 2 HCHO + CO,) 
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22.11 (a) Yes, D-glucitol would be optically active; only those alditols whose molecules pos- 
sess a plane of symmetry would be optically inactive. 


(b) CHO 

OH 
OH 
OH 


Hom mom 


HO H 


22.12 (a) 


Н-4-0Н 
CH,OH 


CH,OH 


CH,OH 


Plane of symmetry 


Optically inactive 


CH,OH 


Optically inactive 


Plane of symmetry 


CH=NNHC,H, 
=NNHC H, 


OH 
CH,OH 


(b) This experiment shows that D-glucose and D-fructose have the same configurations 


at C3, C4, and C5. 


22.13 (a) HO HO 
H H H OH 
H H H H 
CH,OH CH,OH 
L-Erythrose L-Threose 
HO 
(b) L-Glyceraldehyde Н H 
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22.14 (a) 


is ОН 


(1) Ba(OH); 
(2) H,O* 

О 

i 

C 


—OH 
Н-1-ОН 
н——Он 
H—+—OH 

H,OH 

во! 


НОСН, 
H 
H 
OH OH 
Na-Hg, ЊО 
pH 3-5 


i 
C—H 


H OH 


CHO 
Н-1-ОН 
H——OH 

H,OH 


D-(-)-Erythrose 


HCN 


Epimeric 
cyanohydrins 
(separated) 


Epimeric 
aldonic acids 


Epimeric 
y-aldonolactones 


(а Ba(OH)) 
Ё ) HO* 
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| о 
(b) С-Н С-ОН 
Н ОН ОН 
НМО, 
Н ОН —> OH 
H OH H OH 
OH —OH 
! 
D-(-)-Ribose 
Optically inactive 
9 ђ 
C-H C—OH 
HO H H H 
HNO, 
H OH H OH 
H OH H OH 
CH,OH —ОН 


р-(-)-Ага позе 
Optically active 


22.15 A Kiliani-Fischer synthesis starting with D-(—)-threose would yield I and П. 


CHO CHO 
H OH H H 
H H H H 
H OH H OH 
Н,ОН Н,ОН 
Ї П 
D-(+)-Xylose D-(-)-Lyxose 


I must be D-(4-)-xylose because, when oxidized by nitric acid, it yields an optically inac- 


tive aldaric acid: 


COH 
H—+—OH 
HNO, 
I — H H 
H—-—0H 
он 


Optically inactive 


481 
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II must be D-(—)-lyxose because, when oxidized by nitric acid, it yields an optically ac- 
tive aldaric acid: 


CO,H 
HNO, Н H 
II — Н Н 
Н ОН 
О,Н 
Optically active 
=> CHO CHO CHO CHO 
HO H H OH HO H H OH 
HO H HO H H OH H OH 
HO H HO H HO H HO H 
CH,OH CH,OH СН,ОН СН,ОН 
L-(+)-Ribose L-(+)-Arabinose L-(-)-Xylose L-(+)-Lyxose 


22.17 Since D-(+)-galactose yields an optically inactive aldaric acid, it must have either struc- 
ture Ш or structure IV. 


CHO CO,H СО,Н 
Н ОН Н 
Н ОН HNO, Н 
H-4—O0H нон 
Н ОН H 
HLOH CO,H 
Ш Optically inactive IV Optically inactive 


A Ruff degradation beginning with III would yield D-( —)-ribose 
CHO 


Br; H0, 
Ш —> > H OH 
H,O Fe,(SOQ,); OH 


Н,ОН 
D-(2-Ribose 
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A Ruff degradation beginning with IV would yield D-(—)-lyxose: thus, D-(+)-galactose 
must have structure IV. 


Br, Н,О, 
IV —» — HO H 
HO Ее,(50,)з 


H OH 
CH,OH 
D-(-)-Lyxose 
22.18 D-(+)-glucose, as shown here. 
И | И 
C—OH C—OH C CHO 
H H шин Н H H H | Na-Hg H H 
н ——*» юн — юн 9 ps? Ho—|-H 
H H H H H H H 
H H H H H H H H 
СН,ОН СН,ОН СН,ОН 
il 
О D-(4)-Glucose 
The other y-lactone 
of D-glucaric acid 
22.19 HO CH,OH Y H,C СН,ОН 
О CH,-C-CH, x O  KMnO, 
HO =r H,SO, Н.С - ОН” 
ОН (290) О 
D-Galactose Н.С 
3 СН, 
Н,С НО СО,Н 
Х н.о" И 
Н.С HO + 2CH;-C-CH, 


HO 


Хо Нь 
Н/С” Хен 


D-Galacturonic acid 


22.20 (a) CHO (b) CH,OH (c) | CHO Свон 
(Hon (Hom, С=0 
CHOH үзэн НОь. Š aH or (СНОН), 
CHOH CHOH ! m ы pr 
CH,OH CHOH Н,ОН | 
CH,OH H,OH 
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(d) CHOR (e) СОН (f) COH 
(СНОН), | (CHOR), (СНОН), 
CH CH,OH COH 
CH,OH 
0 ЈЕ 
(8) mp (h) нон | CHOH 
(CHOH), ÇHOH H——O 
сн——) ios | or СНОН CHOH 
CH,OH CHOH СНОН —CHOH 
CH 
CH,OH 
OH 
(i) Ј CH,OH 
CHOH СНОН © 
снон | or CH HOH 
CH СНОН-СНОН 
CHOH 
CH,OH 


(j) Any sugar that has a free aldehyde or ketone group or one that exists as a cyclic 


hemiacetal. The following are examples: 


DH 
CHO CH 
| | 
(CHOTD, <=” (СНОН), 
CHOH cH— 
CH,OH CH,OH 
CH,OH 
(К) Н=-——0 
НОН CHOR 
CHOH —CHOH 


CH,OH CH,OH 
c  (CHOH, хо» (CHOH), 
HOH бн——! 
CH,OH CH,OH 
CH,OH 
(1) CHOH 
H CHOR 
CHOH —CHOH 
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(m) Any two aldoses that differ only in configuration at C2. (See also Section 22.8 for 
a broader definition.) D-Erythrose and D-threose are examples. 


CHO CHO 
H OH HO H 
H OH H OH 
СН,ОН СН,ОН 
D-Erythrose D-Threose 
(n) Cyclic sugars that differ only in the configuration of СІ. The following аге 
examples: 
HOCH, HOCH, 
О 
шоо and НО 
H 
HO OH HO OH 
OH 
(о) CH=NNHC,H, (p  Maltose is an example: 
=NNHC,H, HOCH, 
НО HO 
CH,OH HO our HOC, 
О 
HO og ОН 


(q) Amylose is an example: 


HOCH, HOCH, HOCH, 
OH OH OH OH 
HÓ О О 
Он OH 4, OH 


(г) Any sugar in which all potential carbonyl groups are present as acetals (1.6., as gly- 
cosides). Sucrose (Section 22.12A) is an example of a nonreducing disaccharide; the 
methyl D-glucopyranosides (Section 22.4) are examples of nonreducing monosaccha- 


rides. 
22.21 (a) OH (b) OH 
бн, 8 бн, о 
НО НО 
CH, 
OH OH 
OH OH OH 
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(c) OCH, 
бн, 
CHO 
i CH, 
OCH, 
OCH, 
22.22 (a) HOCH, H HA, H 
H H and н H 
Н OH H OH 
OH ОН OH OH 
HOCH, 
+ но, —> KR 
CH H H 
3 CH He 3 
Ó О 
H H 


+ 2HI0, —> HC 
OCH, 0 нс” ОСН, 
П 


Н И Он О 
с^ Н > | 


ОН" OH 


A methyl ribofuranoside would consume only 1 mol of HIO,; a methyl ribopyranoside 
would consume 2 mol of HIO, and would also produce 1 mol of formic acid. 


22.23 One anomer of D-mannose is dextrorotatory ([a] D= +29.3°); the other is levorotatory 
5 
([a] D= —17.0?). 


22.24 The microorganism selectively oxidizes the -CHOH group of D-glucitol that corresponds 
to C5 of D-glucose. 


CHO СН,ОН СН,ОН СН,ОН 
Н-8-ОН Н ОН Н ОН =о 
HO —F—H H, HO H О, НО H 2 НО Н 
нон Ni H OH Acetobacter H OH н OH 
H | OH H OH  suboxydans =0 HO H 
CH,OH H,OH CHOH H,OH 
D-Glucose D-Glucitol L-Sorbose 
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22.25 L-Gulose and L-idose would yield the same phenylosazone as L-sorbose. 


CH=NNHC,H, CH,OH CHO CHO 
-NNHC,H, (= нон H—+—0H 
HO H HO H HO H HO H 
СН;МНМЊ 
H—|—oH == н—|-он 
НО H HO H 
H,OH CH,OH CH,OH 
Same L-Sorbose L-Idose 
phenylosazone 
22.26 (TOH CH=NNHC,H, CHO 
С=О =NNHC,H, H OH 
H OH сн C 
cH;NHNH, H OH cHSNHNH, H OH 
H OH H OH H OH 
H OH H OH 
Н,ОН ОН 
D-Psicose D-Allose 
i E CH=NNHC,H, CHO 
C=NNHC,H, H OH 
СН CH. 
6HsNHNH, H H «Н:МНҸ НО Н 
Н Н HO H 
H OH H OH 
Н,ОН СН,ОН 
2 D-Galactose 
22.27 A is D-altrose, B is D-talose, C is D-galactose. 
CH,OH СН,ОН 
НО Н НО 
EN H OH = HO em 
OH Ww H OH HO T HO 
H OH H 
H Misc NP iur H,OH 
E = 
А Зате брече cor B 
[m CJH,NHNH, | 
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CH=NNHC,H, CH=NNHC,H, 
C=NNHC,H, < Different phenylosazones? C—NNHCH, 
H OH HO H 
H OH HO H 
H OH H OH 
H,OH H,OH 
CHO CH=NNHC,H, CHO 
H OH C=NNHC,H, H H 
HO Н C.H;NHNH, НО Н CsH;NHNH, HO Н 
HO H HO H HO H 
H OH H OH H OH 
H,OH H,OH H,OH 
D-Galactose Same phenylosazone D-Talose 
C B 
|» Ni H;, ul 
CH,OH СН,ОН 
H OH H H 
HO—-—H нон 
HO H HO H 
H OH H OH 
CH,OH CH,OH 


(Note: If we had designated D-talose as A, and D-altrose as B, then C is D-allose). 


22.28 


H OH 
CH,OH 
D-Xylose 


CH,OH 
H—+—OH 


H—+—OH 
CH,OH 
D-Xylitol 
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22.29 CHO СО,Н СО,Н 
Н ОН Н ОН НО H 
HO H Br; HO H pyridine HO H 
H OH но” Н ОН (epimerization) H OH 
H OH H OH H OH 
H,OH H,OH СН,ОН 
D-Glucose 
О 
g CHO 
-H,O HO - | Na-Hg 5 i 
— —^ вн ӨН3-5» НО——Н 
Н Н ОН 
Н ОН Н ОН 
Н,ОН Н,ОН 
D-Mannose 


22.30 The conformation of D-idopyranose with four equatorial -OH groups and an axial 
~CH,OH group is more stable than the one with four axial -OH groups and an equatorial 


-СН,ОН group. 
OH 
<< 
HO. OH =>» 
PH HO OH 
More stable Less stable 
4 Equatorial -OH groups 4 Axial -OH groups 
1 Axial -CH,OH group 1 Equatorial -CH,OH group 


22.31 (a) The anhydro sugar is formed when the axial -CH,OH group reacts with C1 to form 
a cyclic acetal. 


CH,OH H 
а = 22 d 
H OH 
H HO ын СН, 
B-D-Altropyranose О ш 
HO OH 
Anhydro sugar 
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22.32 


Because the anhydro sugar is an acetal (i.e., an internal glycoside), it is a nonreducing 
sugar. 

Methylation followed by acid hydrolysis converts the anhydro sugar to 2,3,4-tri- 
O-methyl-D-altrose: 


CHO 
сн CH " CH,O H 
(CH,),SO, H', НО 
О --г--» H OCH, 
OH OH OCH, 
H ОСН, 
ОН ОСН, 3 
HO CHO H OH 
Anhydro-B-D- 
altropyranose HOH 
2,3,4-Tri-O- 


methyl-D-altrose 


(b) Formation of an anhydro sugar requires that the monosaccharide adopt a chair con- 
formation with the -CH,OH group axial. With В-р-аНгоругалозе this requires that two 
-ОН groups be axial as well. With 8-D-glucopyranose, however, it requires that all four 
-ОН groups become axial and thus that the molecule adopt a very unstable conformation: 


Highly unstable 


conformation 
CH,OH H 
HOCH, OH üs 
«—— S СО 
HE ен d : : 
OH 
HO OH 
Ж СН; 
B-D-Glucopyranose OH. 0 
НО ОН 


Anhydro-B-D-glucopyranose 


1. The molecular formula and the results of acid hydrolysis show that lactose is a disac- 
charide composed of D-glucose and D-galactose. The fact that lactose is hydrolyzed by a 
B-galactosidase indicates that galactose is present as a glycoside and that the glycosidic 
linkage is beta to the galactose ring. 


2. That lactose is a reducing sugar, forms a phenylosazone, and undergoes mutarotation 
indicates that one ring (presumably that of D-glucose) is present as a hemiacetal and thus 
is capable of existing to a limited extent as an aldehyde. 


3. Thisexperiment confirms that the D-glucose unit is present as a cyclic hemiacetal and 
that the D-galactose unit is present as a cyclic glycoside. 
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4. That 2,3,4,6-tetra-O-methyl-D-galactose is obtained in this experiment indicates (by 
virtue of the free -OH at C5) that the galactose ring of lactose is present as a pyranoside. 
That the methylated gluconic acid obtained from this experiment has a free -OH group at 
C4 indicates that the C4 oxygen atom of the glucose unit is connected in a glycosidic link- 
age to the galactose unit. 

Now only the size of the glucose ring remains in question, and the answer to this 
is provided by experiment 5. 


5. That methylation of lactose and subsequent hydrolysis gives 2,3,6-tri-O-methyl-D- 
glucose—that it gives a methylated glucose derivative with a free -OH at СА and C5— 
demonstrates that the glucose ring is present as a pyranose. (We know already that the 
oxygen at C4 is connected in a glycosidic linkage to the galactose unit; thus, a free -OH 
at C5 indicates that the C5 oxygen atom is a part of the hemiacetal group of the glucose 
unit and that the ring is six membered.) 


HOCH, 
HO сн,он 
HO a H H, о 
OH H ын 
H O—CH, HO OH 
H OH H ap mE O—CH, 
он н “ОН HO 
H9 HO OH “ОН 
н он 


6-O-(a-D-Galactopyranosyl)-D-glucopyranose 
We arrive at this conclusion from the data given: 


1. That melibiose is a reducing sugar and that it undergoes mutarotation and forms a 
phenylosazone indicate that one monosaccharide is present as a cyclic hemiacetal. 


2. That acid hydrolysis gives D-galatose and D-glucose indicates that melibiose is a di- 
saccharide composed of one D-galactose unit and one D-glucose unit. That melibiose is 
hydrolyzed by an a-galactosidase suggests that melibiose is an a-D-galactosyl-D-glucose. 


3. Oxidation of melibiose to melibionic acid and subsequent hydrolysis to give D-galac- 
tose and D-gluconic acid confirms that the glucose unit is present as a cyclic hemiacetal 
and that the galactose unit is present as a glycoside. (Had the reverse been true, this ex- 
periment would have yielded D-glucose and D-galactonic acid.) 

Methylation and hydrolysis of melibionic acid produces 2,3,4,6-tetra-O-methyl- 
D-galactose and 2,3,4,5-tetra-O-methyl-D-gluconic acid. Formation of the first product— 
a galactose derivative with a free -OH at C5—demonstrates that the galactose ring is six 
membered; formation of the second product—a gluconic acid derivative with a free -OH 
at C6—demonstrates that the oxygen at C6 of the glucose unit is joined in a glycosidic 
linkage to the galactose unit. 


4. That methylation and hydrolysis of melibiose gives a glucose derivative (2,3,4-tri-O- 
methyl-D-glucose) with free -OH groups at C5 and Сб shows that the glucose ring is also 
six membered. Melibiose is, therefore, 6-O-(a-D-galactopyranosyl-D-glucopyranose. 
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22.34 


22.35 


Trehalose has the following structure: 
HOCH, H OH 
H H 
H H Н " 
OH Н HOC 
о он 
OH 
a-D-Glucopyranosyl-a-D-glucopyranoside 
СН,ОН OH 
О 
HO HO OH 
HO OH H,OH 


We arrive at this structure in the following way: 


1. Acid hydrolysis shows that trehalose is a disaccharide consisting only of D-glucose 
units. 


2. Hydrolysis by a-glucosidases and not by B-glucosidases shows that the glycosidic 
linkages are alpha. 


3. That trehalose is a nonreducing sugar, that it does not form a phenylosazone, and that 
it does not react with bromine water indicate that no hemiacetal groups are present. This 
means that C1 of one glucose unit and C1 of the other must be joined in a glycosidic link- 
age. Fact 2 (just cited) indicates that this linkage is alpha to each ring. 


4. That methylation of trehalose followed by hydrolysis yields only 2,3,4,6-tetra-O- 
methyl-D-glucose demonstrates that both rings are six membered. 

(a) Tollens' reagent or Benedict’s reagent will give a positive test with D-glucose but 
will give no reaction with D-glucitol. 


(b) D-Glucaric acid will give an acidic aqueous solution that can be detected with blue 
litmus paper. D-Glucitol will give a neutral aqueous solution. 


(c) D-Glucose will be oxidized by bromine water and the red brown color of bromine 
will disappear. D-Fructose will not be oxidized by bromine water since it does not con- 
tain an aldehyde group. 


(d) Nitric acid oxidation will produce an optically active aldaric acid from D-glucose 
but an optically inactive aldaric acid will result from D-galactose. 


(e) Maltose is a reducing sugar and will give a positive test with Tollens’ or Benedict's 
solution. Sucrose is a nonreducing sugar and will not react. 


(f) Maltose will give a positive Tollens’ or Benedict's test; maltonic acid will not. 


(g) 2,3,4,6-Tetra-O-methyl- B-D-glucopyranose will give a positive test with Tollens’ or 
Benedict's solution; methyl B-D-glucopyranoside will not. 


(h) Periodic acid will react with methyl a-D-ribofuranoside because it has hydroxyl 
groups on adjacent carbons. Methyl 2-deoxy-a-D-ribofuranoside will not react. 
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22.36 That the Schardinger dextrins are nonreducing shows that they have no free aldehyde or 


22.37 


hemiacetal groups. This lack of reaction strongly suggests the presence of a cyclic struc- 
ture. That methylation and subsequent hydrolysis yields only 2,3,6-tri-O-methyl-D-glu- 
cose indicates that the glycosidic linkages all involve C1 of one glucose unit and C4 of 
the next. That a-glucosidases cause hydrolysis of the glycosidic linkages indicates that 
they are a-glycosidic linkages. Thus, we are led to the following general structure. 


H 
OCH, 2 

ОН e к 
HOCH; 

CH,OH 
OH HO 
CH, o 
n=3,4,or5 


Note: Schardinger dextrins are extremely interesting compounds. They are able to form 
complexes with a wide variety of compounds by incorporating these compounds in the 
cavity in the middle of the cyclic dextrin structure. Complex formation takes place, how- 
ever, only when the cyclic dextrin and the guest molecule are the right size. Anthracene 
molecules, for example, will fit into the cavity of a cyclic dextrin with eight glucose 
units but will not fit into one with seven. For more information about these fascinating 
compounds, see Bergeron, В. J., “Cycloamyloses,” J. Chem. Educ., 1977, 54, 204-207. 


Isomaltose has the following structure: 


HOCH, 
H a H Or с НОСН, О 
ОН МХ чый HO 
H H, OH V 
H 
H HO On 
н Он 


6-O-(a-D-Glucopyranosyl)-D-glucopyranose 
(1) The acid and enzymic hydrolysis experiments tell us that isomaltose has two glu- 
cose units linked by an a linkage. 


(2) That isomaltose is a reducing sugar indicates that one glucose unit is present as a 
cyclic hemiacetal. 
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(3) Methylation of isomaltonic acid followed by hydrolysis gives us information about 
the size of the nonreducing pyranoside ring and about its point of attachment to the re- 
ducing ring. The formation of the first product (2,3,4,6-tetra-O-methyl-D-glucose)—a 
compound with an –ОН at C5—tells us that the nonreducing ring is present as a pyra- 
noside. The formation of 2,3,4,5-tetra-O-methyl-D-gluconic acid—a compound with an 
-ОН at C6— shows that the nonreducing ring is linked to C6 of the reducing ring. 


(4) Methylation of maltose itself tells the size of the reducing ring. That 2,3,4-tri-O- 
methyl-D-glucose is formed shows that the reducing ring is also six membered; we know 
this because of the free -OH at C5. 


22.38 Stachyose has the following structure: 


Hydrolysis here by an a-galactosidase yields 
D-galactose and raffinose 


Hydrolysis here by an a-galactosidase 
yields sucrose 


CH,OH 
OH OH 


Raffinose D-Glucose D-Fructose 


Sucrose 


Raffinose has the following structure: 


Hydrolysis here by an a-galactosidase 
yields D-galactose and sucrose 


г--- Hydrolysis here by an invertase 
yields melibiose and fructose 


Melibios CH,OH 
H H 
CH,OH 
H OH OH H 
D-Glucose D-Fructose 


Sucrose 
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The enzymic hydrolyses (as just indicated) give the basic structure of stachyose and raf- 
finose. The only remaining question is the ring size of the first galactose unit of stachyose. 
That methylation of stachyose and subsequent hydrolysis yields 2,3,4,6-tetra-O-methyl- 
D-galactose establishes that this ring is a pyranoside. 

22.39 Arbutin has the following structure: 


HOCH, HOCH, 
о 
HO OH 


p-Hydroxyphenyl-B-D-glucopyranoside 


Compounds X, Y, and Z are hydroquinone, p-methoxyphenol, and p-dimethoxybenzene, 


respectively. 
OH (a) 


(b) (a) Singlet 8 7.9 [2H] 
(b) Singlet 8 6.8 [4H] 
x (a) 


MEE 
OH (a) 


(a) Singlet 8 4.8 [1H] 
(b) (b) Multiplet б 6.8 [4H] 
(c) Singlet 8 3.9 [3H] 


(c) 


зэ 


ОСН, (а) 
(5) (a) Singlet 6 3.75 [6H] 
(b) Singlet 6 6.8 [4H] 

2 (a) 


P 
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The reactions that take place are the following: 


HOCH, HOCH, 


о -СО)-он о, он 
Н H*, H,O or H + но-(О)-он 
HO D-glucosidase Э HO 
OH OH X 
D-Glucose Hydroquinone 
CH,OCH, 
0. Оу осн 
СН,),55О, (xs 3 
Ae лг гал, CH dt. 
OH 3 Н,О 
СН,О 
ОСН, 
СН,ОСН, 
ОН 
ОСН, + но-(С)-осн, 
CH,O 
OCH, Y 
2,3,4,6-Tetra-O-methyl-D-glucose p-Methoxyphenol 
(CH,),SO, 
p-Methoxyphenol ES x СН,О ОСН, 


7, 
p-Dimethoxybenzene 


22.40 Aldotetrose B must be D-threose because the alditol derived from it (D-threitol) is opti- 
cally active (the alditol from D-erythrose, the other possible D-aldotetrose, would be 
meso). Due to rotational symmetry, however, the alditol from B (D-threitol) would pro- 
duce only two !3C NMR signals. Compounds A-F are thus in the family of aldoses stem- 
ming from D-threose. Since reduction of aldopentose A produces an optically inactive 
alditol, A must be D-xylose. The two diastereomeric aldohexoses C and D produced from 
A by a Kiliani-Fischer synthesis must therefore be D-idose and D-gulose, respectively. E 
and F are the alditols derived from C and D, respectively. Alditol E would produce only 
three Ї5С NMR signals due to rotational symmetry while Е would produce six signals. 


22.41 There are four closely spaced upfield alkyl signals in the IC NMR spectrum (526.5, 
625.6, 824.9, 624.2), corresponding to the four methyls of the two acetonide protecting 
groups. (The compound is, therefore, the 1,2,5,6-bis-acetonide of mannofuranose, below.) 


X ud 


HO 
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22.42 The final product is the acetonide of glyceraldehyde (below); two molar equivalents are 
formed from each molar equivalent of the 1,2,5,6-bis-acetonide of mannitol. 


Lx 


О 


| 
H-C 


*22.43 The B-anomer can hydrogen bond intramolecularly, as in: 


Pa 
с О >, CH, 


H, О 


ОН 
н un-to 
H OH H OH > 
MsO H HOT мада H 
H он Но H OH 
H OH H OH 
Ш CH,OH СН,ОН 
Н ОН 
Н-С-0 b d 
H H bu 
ü ОН X. - он + HCOH 
H OH H OH 
CH,OH СН,ОН 
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CARBOHYDRATES 


*2245 (a) The proton at Cl. (b) Because of the singlé neighboring hydrogen (at C2). 
(c and d). 
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SOLUTIONS TO PROBLEMS 


23.1 (a) There are two sets of enantiomers, giving a total of four stereoisomers: 


СО,Н СО,Н СО,Н СО,Н 
(био, du, бн), (би), 
PN Bre sH НЕ ABr Во —Н 
2” and E + et 
H е Ни ~H Br” : “ен fT Br 
(CH,), (Сн, (CH, (CB), 
бн, бн, бн, бн, 
erythro threo 
(a Br 
(b) CH4(CH,); х СН, СО,Н CH,(CH,), ^, OY icio co 
а" К E PE эн 
H H H Br 
(a) (b) 
Br ACCO, H CH,(CH,), Br 
CH,(CH, Di ШУ с=с н Нь-Ю--Сїн "(CHj),CO,H 
Tm “ву Br m H 
CO,H CO,H 
ну, ну, 
Hie „Вг Во uH 
| B 
Be eH н” Rr 
(Сн), (CH); 
H, CH, 


у 


(+)-threo-9,10-Dibromohexadecanoic acids 


502 
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Formation of a bromonium ion at the other face of palmitoleic acid gives a result sueh that 
the threo enantiomers are the only products formed (obtained as a racemic modification). 


The designations erythro and threo come from the names of the sugars called erythrose 
and threose (Section 22.9A). 


23.2 
Zingiberene p-Selinene Caryophyllene 
(a sesquiterpene) (a sesquiterpene) (a sesquiterpene) 
Squalene 
(a triterpene) 
i d 
О 
+ 
О 
233 (a) | — i 
(2) Zn, HOAc С 
AT 
| HC CH 
не 0 , 9 | 
2 + C 
минь | HCH + Н.С” “сн, 
CH 
MN 
co 
(b) cs or х. 
| (2) Zn, HOAc Н,С Ба „©Н, 
| 
Limonene HCH + of “сн, 


(1) O, 


| 
Dza Hoa” СН:ССН, + НССН,СН,ССН, 


її. 11 1 
+ HCCH,CH + HC—CCH, + HCH 


(c) a-Farnesene 
(see Section 23.3) 
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ро | | 
(d) Geraniol 2 >. HD CH,CCH, + НССН,СН,ССН, 
(see Section 23.3) (2) Zn, : 
| 
+ НССН,ОН 
(© Squal (1) 0, | | | 
qualene (2) Zn, НОАС 2CH,CCH, + HCCH,CH,CH 


(see Section 23.3) 


О 
23.4 (а) 
+ CO, 


(+ further oxidation 
products) 


Cl 
OH OH 
С] 


{+ rearranged products) 


| | 
+ 4CH,CCH,CH,CH 


23.5 Вг, in CCl, or KMnO, in H,O at room temperature. Either reagent would give a positive 
result with geraniol and a negative result with menthol. 


23.6 С (е) СН, 
(е) Н 
за) У 
(е) Н Н(е) (а) 
© H 
@ @ » 


5@-бепе$ 
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23.7 (a) (b) 


3a-Hydroxy-Sa-androstan-17-one — 17a-Ethynyl-17B-hydroxy-5(10)-estren-3-one 


(androsterone) (norethynodrel) 
H CH 
23.8 СНУ _CH,CH,CH,CH 
'C* \ 
Н.С јин CH, 


Absolute configuration of cholesterol 
(5-cholesten-3B-ol) 


23.9  Estrone and estradiol are phenols and thus are soluble in aqueous sodium hydroxide. 


Extraction with aqueous sodium hydroxide separates the estrogens from the androgens. 


23.10 (а) 


Cholesterol 5o, 6B-Dibromocholestan-3D-ol 
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(b) Н.С tes 


HO 57 
50,60-Epoxycholestan-3B-ol 
(prepared by epoxidation 

of cholesterol; cf. Section 23.4G) 


ес 


О = 


x 


5a-Cholestan-3B-ol S5a—Cholestan-3-one 
(prepared by hydrogenation 
of cholesterol; cf. Section 23.4G) 


(d) 
THF: BH, 
(cf. Sect. 23.4G) 


Cholesterol B- 
H 


CH;CO,D 
==» у 


5a, 6a-Epoxycholestan-3p-ol 
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CH,OH О О 
23.11 (а) ОНОН + ЁСОН + КСОН + НРО, + HOCH,CH,N(CH,), X^ 
Н,ОН 
СН,ОН О О 
фу ОНОН + кбон + кон + H,PO, + HOCH,CH,NH, 
H,OH 
сон i | 
(с) CHOH + CH,(CH,),CH,CH + RCOH + H,PO, 
CH,OH . _ 
+ HOCH,CH,N(CH,), X 


_ҥ› 
23.12 (a) СН(СН),СО,Н + CHOH = CH,(CH,),,CO,C,H, + HO 


SOCL C,H,OH 
CH,(CH,),,CO,H ---» CH,(CH,),,COC] ===> СН,СНу),СО,СН, 


CH,),COH 
(b) cH (CHp coca СЭ", снєсну,со,ссну, 


NH. 
(c) СН,(СН,) «СОС — CH,(CH,),,CONH, 


(CH) NH 
(d) CH,(CH,),,COCL —>—» CHjCH),CON(CH;), 


(e) CH,(CH,),,CONH, LAB. > CH(CH),CHNH, 

(f) CH,(CH,),,CONH, <> CH,(CH,),,CH,NH, 

(в) CH,(CH,),,COCI НЫ „бн ену CHO 

(h) CH,(CH,),,CO,C,H, AX CH,(CH,),CH,OH 
CH4(CH,),,COCI JN 


CH, (CH,), <CO,CH,(CH,),<CH, 


1)LiAIH 
(i) CH,(CH,),,CO,H oa CH,(CH,),,CH,OH 
2 


Н, 
CH(CHj,CO,CH, 2» CH,(CH,), CH,OH 


G) CHCH),COCl + (CH,),CuLi ——> CH,(CH,),,COCH, 
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PB 
(к) CH,(CH,),,CH,OH ————> CH,(CH,),.CH,Br 


0) CH,(CH,),,CH,Br 


23.13 (a) CH,(CH,),,CH,CO,H 


(1) NaCN 
СЭН”, H,O, heat 


CH,(CH,),,CH,CO,H 


Br, P 
"> CHj(CH),CHCO;H 


Br 
(1) OH, heat 
(b) CHCH) CHCO,H OHo ^? CH,(CH,), ,CHCO,H 
3 
Br H 
(1) NaCN 
(c) CH,(CH,), \CHCO,H Or CH,(CH,), ,CHCO,H 


Br 


N 
(1) NH, (excess) 


(d) CH(CH),CHCO;H > CHCH), CHCO,H 
Br NH, 
ог CH,(CH,), ,CHCO, 
NH,” 


Br. 
23.14 (a) CH,(CH,),CH =CH(CH,),CO,H — CH,(CH,),CHBrCHBr(CH,),CO,H 


H 
(b) CH,(CH,),CH -СН(СН),СО,Н ~ > СН,(СН,) „СОН 


(c) CH,(CH,),CH =CH(CH,),CO,H КМ 


CH,(CH,), CHOHCHOH(CH,),CO,H 
(d) CH,(CH,),CH =CH(CH,),CO,H НӨ, CH,(CH,),;CH,CHCI(CH,),CO,H 
CH,(CH,),CHCICH,(CH,),CO,H 
23.15 Elaidic acid is trans-9-octadecenoic acid: 
CH,(CH,), 3 H 
C—C 


/ N 
H (CH,),CO,H 


It is formed by the isomerization of oleic acid. 
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23.16 (a) CH;(CH)), /ССН,,СО,Н CH, (CH?) Л 
с=с апд с=с, 
Н Н H (CH,),CO,H 


(b) Infrared spectroscopy 


(c) A peak in the 675-730-ст- ! region would indicate that the double bond is cis; a 
peak in the 960—975-cm- ! region would indicate that it is trans. 


23.17 A reverse Diels-Alder reaction takes place. 


~ 
ћеа! | 
Mr 
+ 
27 7" 
23.18 CH, CH, 
o-Phellandrene B-Phellandrene 


Note: On permanganate oxidation, the =CH, group of B-phellandrene is converted to 
CO, and thus is not detected in the reaction. 


lig. NH 
2319 CH,(CH,),C=CH + NaNH, — — * CH,(CH,),C=CNa 
A 


ICH, (CH ,),CH,C! NaCN 
CC у CH,(CH,),C=CCH,(CH,),CH,C] ===> 
B 


CH,(CH,),C =CCH,(CH,),CH,CN > CH,(CH,),C =CCH,(CH,),CH,CO,K 
с : р 


H,0* H 
СЭ» CH,(CH,),C=CCH,(CH,),CH,CO,H =» 
E Pd-BaSO, 
CH(CH)s | CH,(CH,),CH,CO,H 
C=C 
Л CX 
H H 


Vaccenic acid 
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23.20 


23.21 


23.22 


FCH,CH,,CH,Br + HC=CNa ——> FCH,(CH,),CH,C =CH 


F 
(1) NaNH, 2 МаСМ 
суцена” ЕСНАСНУ&СН,С =C(CH,),Cl шан 

G 
(1) KOH 
FCH(CH),CH,C ZC(CH);CN uc FCH(CH2,CH;C =C(CH,);CO,H 
H I 
i FCH(CH),CH,, ДСН/,СО,Н 
Ni;B (P-2) > = N 
H H 


Here we find that epoxidation takes place at the less hindered a face (cf. Section 23.40). 
Ring opening by HBr takes place in an anti fashion to give a product with diaxial 
substituents. 


(а) СНЕСН-СН-СН, 


(b) OH (Removal of the o hydrogen atom allows isomerization to the more stable 


compound with a trans ring junction.) 
(c) LiAIH, 


(d) H,O* and heat. (Hydrolysis of the enol ether is followed by dehydration of one 
3 


alcohol group.) 
(е) НСО,С.Н,,С,Н,ОМа 
(f) OsO,, then NaHSO, 
О 
[| 
(8) CH,CCH,, H* 
(h) Н,, Pd catalyst 
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(i) H,O', H,O 
0 но, 
(k) Base and heat. (This reaction is an aldol condensation.) 


(D and (m) Na,CrO,, CH,CO,H to oxidize the aldehyde to an acid, followed by 
esterification. 

(n) Н, and Pt. (Hydrogen addition takes place from the less hindered о, face of the 
molecule.) 

(0), (p), and (q) NaBH, to reduce the keto group; OH, Н,О to hydrolyze the ester; 


and acetic anhydride to esterify the OH at the 3-position. ` 

(г) and (s) SOCI, to make the acid chloride, followed by treatment with (CH,),Cd. 
CH, 

(t) CH,CHCH,CH,CH,MgBr, followed by H4O*. 


(u), (v), and (w) Acetic acid and heat to dehydrate the tertiary alcohol; followed by 
acetic anhydride to acetylate the secondary alcohol; followed by H,, Pt to hydrogen- 


ate the double bond. 


О 
2323 (а) CH,(CH,),CH (b CH,Li (с) А, 
„7 


23.24 


NC(CH,), H 
(d) X (e) Michael addition using a basic catalyst. 


First: an elimination takes place, 

1 n 
R,NCH,CH,CCH,CH, + NH, — снрснесн,сн, + RN + NH, 
Then a conjugate addition occurs, followed by an aldol addition: 


о 


- tl 
мн; > CH=CHCCH,CH, 
(+H*) 
О [0] 
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C 
Hs then 
ph NH; dehydration 
C aldol 
Ул О О 
О H 
TER 9 H*, heat 
О 
ОН О ОН (8) 


| | 
92325 СН,(СН/,СНО--» CH,(CH,),,CHCH,COEt —> CH,(CH,),,CHCH,COH 
A B C 


| ї 
ОССН, OCCH, 
—» CH,(CH,),,CHCH,COOH ——» CH,(CH,),,.CHCH,COCI 
D E 


| 
ОССН, 
+ 
—> CH,(CH,) ,CHCH, COCH,CH,N(CH,); om 


Pahutoxin 


*23.26 Тһе reaction is an intramolecular transesterification. 


О О: 
Pd .. 
СИН | 5 O—H 
О 
1) -H* 
re 2) -Н" 
өү Сон 07 Y^ он 
nc, f* 
снн) к, OH -НОСО, Ao: 
о R N 
Е он H 
ТОС, 
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23.5 "The following compound is a: 


72 
(a) Monoterpene (b) Sesquiterpene (с) Diterpene 
(d) Triterpene (e) Теимегрепе 


23.6 Mark off the isoprene units in the previous compound. 


23.7 Which is a systematic name for the steroid shown here? 
(a) So-Androstan-3a-ol 
(b) 5B-Androstan-3D-ol 
(c) 5a-Pregnan-3a-ol 
(d) 5B-Pregnan-3B-ol H 
(e) 5a-Estran-3a-ol 


515 
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SOLUTIONS TO PROBLEMS 


241 (a) HO CCH,CH,CHCO,H (b) "O/CCH,CH,CHCO, 
NH;* NH, 


(c) HO,CCH,CH,CHCO, predominates at the isoelectric point rather than 
NH,” 


“О:ССН:СНь,СНСО:Н because of the acid-strengthening inductive effect of the 
| " a-aminium group. 
NH, 


(d) Since glutamic acid is a dicarboxylic acid, acid must be added (1.е., the pH must be 
made lower) to suppress the ionization of the second carboxyl group and thus achieve the 
isoelectric point. Glutamine, with only one carboxyl group, is similar to glycine or phenyl- 
alanine and has its isoelectric point at a higher pH. 


24.2 The conjugate acid is highly stabilized by resonance. 


+ 


011 « H 2 nis - D 
R-NH-C-NH, — > R-NH-C-NH, <—> R-NH-C-NH, 
NH, 
<> R-NH-C-NH, 
О О 
24.3 (а) 
NK + BrCH(CO,C,H,), — ~CH(CO,C,H,), 
O О 
СН,СН,ОМа N 2 CH NaOH 
(CH,),CHCH,Br Ё! МЕН heat 
CO,C,H, 
со, HCl 
(et CO, Theat” (CH,),CHCH,GHCO, + CO, 
+ 


С-МНС-СН,СН(СН), 


/, NH, CO,H 

/ 2 

О CO, DL-Leucine + Q 
CO,H 


516 
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О 
CH,CH,ONa Га Мон > 
(b) М-СН(СО,С,Н,), —====> —— P” Ч uu 
ea 
2 H, 
o bi 
CO, на CO,H 
Q СО, heat” CH,GHCO, + CO, + = 
f-NHC-CH, мну CO,H 
Oo со, DL-Alanine 
р ¢0,C,H 
2 5 
CH,CH,ON 
(c) -СН(СО,С,Н), 22 on, 
C H,CHBr 
pe 
О 
CO, 
NaOH 2 на : 
heat Q CO, heat С,Н,СН,СНСО, + co, 
C-NHC-CH,CH, : 
// _ 3 
O со, DL-Phenylalanine 


О 
|| NH Н,О" - 
24.4 (a) C,H,CH,CH - dus C,H,CH;CHCZN —> C,H,CH;CHCO, 
NH, 


Phenylacetaldehyde NH, . 
DL-Phenylalanine 


| Шин | 
(b CH,SH + СН,-СН-СН —» CH,SCH,CH,CH A 


H,0* 
CH,SCH,CH,CHC=N ——» CH,SCH,CH,CHCO,- 


NH, NH;* 
DL-Methionine 


24.5 Because of the presence of an electron-withdrawing 2,4-dinitrophenyl group, the labeled 
amino acid is relatively nonbasic and is, therefore, insoluble in dilute aqueous acid. The 
other amino acids (those that are not labeled) dissolve in dilute aqueous acid. 
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NO, 
А ON F 
А C = 
24.6 (а) H,NCHCONHCHCONHCH,CO, HCO, 
ÇHCH, CH, 
CH, Val*Ala*Gly 
_ но 
ом NHCHCONHCHCONHCH,CO, ——» 
| ! heat 
CHCH, CH, 
NO, CH, 
= + = 
ON -Суччңрсон + СН,СНСО, * H,NCH,CO, 
+ 
No, ÇHCH, NH, 
CH, Alanine Glycine 
Labeled valine 
(separate and identify) 
(b) ОМ NHCHCO,H + ON Qoomoson en ones 
NH 
NO, Rees NO, У 
CH, 
ot-Labeled valine £-Labeled lysine 
* H,NCH,CO, 
Glycine 
24.7 pq - он 
. N=C=S + HjN—CHCO-NHCHCO- NHCHCO; —> 
CH, HCH, GH, 
Phenyl isothiocyanate бн, H, єн, 
| 
5 СН, PS 
CH, mt 
ш 
Met-Ile-Arg NH, 
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519 


S 
|| 
(О) нн -снсо-мнснсо-миснсо; => 
H, CHCH, cit 
CH, CH, Чи 
СН, CH, 
CH, Ё 
NH, 
у 
е pw + H,NCHCO—NHCHCO; 
/ CHCH, СН, 
22 ав: Н, CH, 
O  CH,CH,SCH, CH, CH, 
Phenylthiohydantoin NH 
derived from methionine = 
NH,” 
j 
(1) (Омен " ате Н,Х-СН-СО: 
шог 
(2) H' V 4 Ы СН, 
дэн СН, 
О  CHCH,CH, бн, 
H, NH 
Phenylthiohydantoin б=мн 
derived from isoleucine NH К 


3 


(a) Two structures are possible with the sequence GlueCys*Gly. Glutamic acid may be 


linked to cysteine through its а-сагроху! group, 


HO,CCH,CH,CHCO -NHCHCO-NHCH;CO; 


NH,' CH,SH 


or through its y-carboxyl group, 


H,NCHCH,CH,CO ~NHCHCO-NHCH,CO; 
CO, CH,SH 


(b) This result shows that the second structure is correct, that in glutathione the y-car- 


boxyl group is linked to cysteine. 
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24.9 We look for points of overlap to determine the amino acid sequence in each case. 


(a) Ser * Thr 
Thr * Hyp 


Pro * Ser * Thr * Hyp 
(b) Ala * Cys 
Cys * Arg 
Arg • Val 


Leu * Ala * Cys * Arg * Val 


24.10 Sodium in liquid ammonia brings about reductive cleavage of the disulfide linkage of 
oxytocin to two thiol groups; then air oxidizes the two thiol groups back to a disulfide 


linkage: 
R R R 
| | è 
о a P 
5 5Н 5 
N Na О, N 
S SH —» S 
| NH; | | 
тн, qh qH 
R R R 
О 
+ | ОН” 
2411 Н,ХСН,СО, + (СН,),СОСОС(СН,), ———> 
Glycine Di-tert-butyl 
carbonate 
| 1) (C;H;AN 
(СН),С-ОСМНСН,СО,Н 1 
(2) CICO,C,H, 
Boc-Gly 
H,NCHCO; 
CHCH, 
CH, 
n | Valine 


T 
(CH,),COCNHCH,COCOC,H, -CO,, -C,H,OH 
Mixed anhydride 


О 
1 н,бунснсо,н SE 
маг арлыг ( 7? (2)СЮО,С,Н, 
CHCH, 
Boc-Gly*Val CH, 
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H,NCHCO; 
10. 00 ЭР 
Alani 
(CH,),COCNHCH,CNHCHCOCOC,H, = 
HCH, 
Mixed anhydride CH, 
1 1 Д, CF,CO,H 
(СН),СОСМНСН,СМНСНСМНСНСО,Н олоо 
| CH,CO,H 
HCH, CH, 25°C 
Boc-GlyeValeAla СН, 
nm 
+ = 
(СН,,С-СН, + СО, + H,NCH,CNHCHCNHCHCO, 
CHCH, CH, 
CH, 


Gly*Val*Ala 


| он“ 
24.12 (а) 2С,Н,СН,ОСС! + H,NCH,CH,CH,CH,CHCO,- ——> 


25°C 
Benzyl chloro- : 
[нд Lysine NH, 


(1)(C,H,),N 


| 
С,Н,СН,ОСМНСН,СН,СН,СН,СНСО.Н 
“эс ийг pea 7" 0)СІСО,С Н, 


МН 
С,Н,СН,ОС--О 
УНА Н HCO: 
CH, NH,* 


! I | 
C,H,;CH,OCNHCH,CH,CH,CH,CHC—O—C— 
eHSCH, 2-Н,СН, 26H O—C—OC,H, 0 c HOH 


NH 
C,H,CH,OC=O 


HBr 


C.,CH,OCNHCH, CH, CH,CH,CHCNHCHCO, THOR 
NH CHCH, cold 
C,H,CH,OC=O бн, 
Н; 


+ ] 
2 С,Н,СН,Вг + 2CO, + НуМСН,СН,СН,СН,СНОМНСНСО,” 


NH; A 
jk 
LysIle СН, 
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он“ 


| | 
(b 3C,H,CH,OCCl + H,NCNHCH;CH,CH,CHCO;" заг? 
NH, 
C,H,CH oCNHENCH CH,CH,CHCO,H -0 28933 
io Ви нх ОСОО. 
ç=0 NH 
С,Н.СН,О С=0 
С,Н,СН,О 
CH,CHCO,- 
C,H,CH OUNHONCH CH,CH cucodoc H NH 
zd MEE 25  -CO, -C;H,0H 
C=O NH 
| 
С,Н,СН,О С=о 
C,H,CH)O 


| | | HB 
C«H,CH,OCNHCNCH;CH,CH,CHCNHCHCO;H ——— 


CH,CO,H 
C—O ҮН СН, cold 
С,Н.СН,О C=O 
С,Н,СН,О 
үн 
3C4H,CHjBr + 3СО, + BG ONHCH CH CH CHCOND НСО. 

NH, CH, 

ArgeAla 


24.13 The weakness of the benzyl-oxygen bond allows these groups to be removed by catalytic 
hydrogenolysis. 


24.14 (a) An electrophilic substitution reaction: 
H, H,CH 
CH 


CH 
BF. 
© + CH,OCH,Cl —» + CH,OH 
n 
Cl dn 


(b) The linkage between the resin and the polypeptide is a benzylic ester. It is cleaved 
by HBr in CF;CO,H at room temperature because the carbocation that is formed initially 
is the relatively stable, benzylic cation. 
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О О 
| ) 
24.15 | )-сн,а + HOCCHNHCOC(CH,); 1. Add Boc-Ala. 


H 
I 3 


О О 
И | : : 
\ У CHO CHNHÜOC(CH)), 2. Purify by washing. 
H, 
[peo CH,Cl, 3. Remove protecting group. 
1 
СН,ОССНМН, 4. Purify by washing. 
Н, 
НИЙ 
HOCCHNHCOC(CH,), 5. Add Boc-Phe. 
and 


dicyclohexylcarbodiimide 


оо о 
ии | | 
У CHOCCHNHCCHNHCOC(CH)), 6. Purify by washing. 
CH, CH, 
СН; 


Jescou, CHCl, 7. Remove protecting group. 


Т | | 
\_)-©н,оСснмнсснхн, 8. Purify by washing. 
H, CH, 
сун, 


HOCCHCH,CH,CH,CH,NHCOC(CH,), 
NH 
O=COC(CH,); 
and 
dicyclohexylcarbodiimide 


9. Add protected Lys. 
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i П j И 
\ CH, OCCHNHCCHNHCCHNHCOC(CH;), 


H H H 
5 |, 2 T 5 10. Purify by washing. 


Сен; єн, 
бн, 
cH 
NHCOC(CH;)3 
О 
[cF coa chon 11. Remove protecting groups. 
osi di 
У CH,OCCHNHCCHNHCCHNH, 12. Purify by washing. 
Н, CH, ÇH, 
C,H; ÇH, 
çh 
МЕ 
ХН; 
[e CF,CO,H 13. Detach tripeptide. 


О О О 

- M T | 

v У CHBr + Се НАНЫ: НЫНЫ HEH, 14. Isolate product. 
CH, үн, сн 


Сн, CH, 


Lys*Phe*Ala — «ХН, 


24.16 (a) Isoleucine, threonine, hydroxyproline, and cystine. 


6) | co, ‚ СО, 
НМ Н and НАМ H 
CH;—-H H H, 

CH, H, 
CH, CH, 
CO, О, 
+ 
Н, Н and H,N H 
H H HO H 
CH, CH, 
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HN H HN H 
A, H CH and “в H 
XI” р 
T T 
OH H 


(With cystine, both stereocenters are a-carbon atoms; thus, according to the problem, both 
must have the L-configuration, and no isomers of this type can be written.) 


(c) Diastereomers 
24.17 (a) Alanine 
СН,СНСО, + HONO --» СН,СНСО,Н + № 
+ 


NH, H 
(b) Proline and hydroxyproline. All of the other amino acids have at least one primary 
amino group. 

Br 
(c) H CH;CHCO; (d) ХО)-внансосн, 

Bf NH, NH," 


(e) CH,CHCO, 
NH 


| 
i 
CH; 
24.18 (a Ї CO,CH CO,CH 
(a) А CO, на " 2-115 _ РС, И 2-113 _ 
нх Н ET IT TRO HN на => HN на 
CHOH  ' CH,OH сна 
(-)-Serine A B 
(C,H, ОКО) (C,H,C1,NO,) 


И CO, CO. 
1) HO", H,O, heat › р 2 
2 77 шин HN | H 5 = > HN H 


C L-(+)-Alanine 
(C,H,CINO,) 
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CO,CH, CO,CH, 
ОН NaSH 
(b B => HN-+-H — нх--н 
CH,Cl CH,SH 
D E 
(C,H,CINO,) (C,H,NO,S) 


+ CO 
(1) Н,ОГ, Н,О, heat z 2 
— ————> 
TUS нд =H 


L-(+)-Cysteine 


| CO, CO, 

" 2 NaOBr, OH 2 NH, d 2 

(с) HN +H o HN——H < нн 
CH,CNH, rearrangement CH,NH, CH,Cl 


F C 
L-(—)-Asparagine (СО) [from part (a)] 


О 
) NaOGH 
24.19 (a) CH, NHCH(CO,C,H;), + СНЕСН-СЕМ ОНОН ” 
5 


(95% yield) 


о сосн, 
concd. НСІ T 
H,CNH —C—CH,CH,C EN 
сн CH; rüu6h > HO,CCH,CH,CHCO, 
O,C;H, (66% yield) NH, 


G : у 
DL-Glutamic acid 


ФСН,СОН + 2C,H,OH + NH, + CO, 


о сос, о о сосн, 
- 2 б 

(b) CH,CNH -C-CH,CH,C EN «o поду а |СНУСМН -C-CH,CH,CH,NH, 
CO,C;H, (90% yield) CO,C,H, 


син MOL. И, cond HCl, + 
— C ше - 
х / ? тећихаћ HjNCH,CH,CH,CHCO, 


и 
СНУСМН C—NH (97% yield) Cl NH,* 
О 


DL-Ornithine hydrochloride 


H 
+ CHCOH + CHOH + CO, 
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We look for points of overlap: 


Phe * Ser 
Pro * Gly * Phe 
Pro * Pro Ser * Pro • Phe 
Arg* Pro Phe * Arg 


Агре Pro* Pro • Gly *Phe e Ser *Pro * Phe * Arg 


6 ———— 


Bradykinin 


1. This experiment shows that valine is the N-terminal amino acid and that valine is at- 
tached to leucine. (Lysine labeled at the e-amino group is to be expected if lysine is not 
the N-terminal amino acid and if it is linked in the polypeptide through its a-amino 
group.) 
2. This experiment shows that alanine is the C-terminal amino acid and that it is linked 
to glutamic acid. 

At this point, then, we have the following information about the structure of the 
heptapeptide. 


Val * Leu (Ala, Lys, Phe) Glu * Ala 


— 
The sequence here is 
unknown. 


3. (a) This experiment shows that the dipeptide, A, is 
Leu * Lys 


(b) The carboxypeptidase reaction shows that the C-terminal amino acid of the 
tripeptide, B, is glutamic acid; the DNP labeling experiment shows that the N-termi- 
nal amino acid is phenylalanine. Thus, the tripeptide B is 


Phe * Ala • Glu 


Putting these pieces together in the only way possible, we arrive at the following amino 
acid sequence for the heptapeptide. 


Val * Leu 
Leu * Lys 
Phe * Ala * Glu 
Glu * Ala 


Val* Leu * Lys * Phe * Ala * Glu * Ala 


At pH 2-3 the y-carboxyl groups of polyglutamic acid are uncharged. (They are present 
as -CO,H groups.) At pH 5 the y-carboxyl groups ionize and become negatively charged. 
(They become y-CO,~ groups.) The repulsive forces between these negatively charged 
groups cause ап unwinding of the а helix and the formation of a random coil. 
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24.23 


*24.24 


The observation that the 'H NMR spectrum taken at room temperature shows two differ- 
ent signals for the methyl groups suggests that they are in different environments. This 
would be true if rotation about the carbon-nitrogen bond was not taking place. 


8805 H CH, 82.95 
М, 7 
CN. 

(e CH, 82.80 


We assign the 6 2.80 signal to the methyl group that is on the same side as the elec- 
tronegative oxygen atom. 

The fact that the methyl signals appear as doublets (and that the formyl proton sig- 
nal is a multiplet) indicates that long-range coupling is taking place between the methyl 
protons and the formyl proton. 

That the two doublets are not simply the result of spin-spin coupling is indicated 
by the observation that the distance that separates one doublet from the other changes 
when the applied magnetic field strength is lowered. [Remember! The magnitude of a 
chemical shift is proportional to the strength of the applied magnetic field, while the mag- 
nitude of a coupling constant is not.] 

That raising the temperature (to 111°C) causes the doublets to coalesce into a sin- 
gle signal indicates that at higher temperatures the molecules have enough energy to sur- 
mount the energy barrier of the carbon-nitrogen bond. Above 111°C, rotation is taking 
place so rapidly that the spectrometer is unable to discriminate between the two methyl 
groups. 


О 
| | 
(а) ЭЕ ИРЕ =n санан ас санан 
HN: нэм 
+ D0—-C—N- NT 
"n 
H 
M and 
-Н" 
О 
Q T | 
aca? HR), Sets +H", санж а нова. 
ул, -H;0, and BH 
-H = 
d H HN 59 
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д owl 


а + O—H 
(b B(n=1or2) ———» Ё-45-5-8 ----» R—S + 5—Е 
(-СГ) LS -H* | 
CI Cl OH 
je 
à Ch 
8590 cd» 
.. а 
нон H—O-H \-на 
бо ~ 
а 
R—S+Cl 2— R—S—CI < R—S-—CI 
| (-Ccr) | -Н | 
Ó Ó 0-Н 


H 
‘o) Q 
+ -H* | 
ва ——> R-$-cI 
Ó 
О 
АЙКЕЛ 
О —==> 
ES 
О 
О О, 
" N 
)— :S—Cl 
Н-М, мн d (А 
Y P 
Ly ssf + cr 
\ 
О 
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(By pyridine displacement of the sulfonyloxy 


SO, 
group of the initially formed ethyl ester.) 
*24.25 ‚у О 
М 
Еу + 
О 


m-— 


t 


*24.26 (a) A large difference in the solubilities of the (5,5) and (S,R) diastereomers. 


(b) Le Chatelier's Principle, which says that an equilibrium system will try to produce 
more of any species that is removed (here by crystallization). 


(c) Hydrogenolysis of benzyl groups, in both instances (one is preceded by simple hy- 
drogenation of the ketone carbonyl group). 
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SOLUTIONS TO PROBLEMS 


25.1 Adenine: 


NH, NH NH 
М “у N Н 
С | zl > 4 | 2 =” < | 1 ж and so оп 
№ ON N N 
H Н 


> 


T 


! 


Н 


Guanine: 


О ОН ОН 
N мН N ~ N ~ М 
< Г. ж” < ox ж” 4 | ан and so on 
N м2 NH, N MN № “№ 
Н Н H H 


Cytosine: 
nd Н Н 
UN — € N 
| АД <> | Jt <> | > andsoon 
N O N О № 'OH 
H H 


Thymine (R=CH,) or Uracil (R=H): 
О ОН ОН 
R Н RA RAY 
| Д >” | A <=> | Ба Ж” апдзооп 
N О N О N' OH | 
H H | 


25.2 (а) Thenucleosides have an N-glycosidic linkage that (like an O-glycosidic linkage) is 
rapidly hydrolyzed by aqueous acid but is one that is stable in aqueous base. 


531 
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| „Н 
(b) HOH,C HOH,C = NS 
а У а z> 
<= 
OH 
Nucleoside 
НОН,С б 
u—H MNT 

: | 

H 

H Heterocyclic 


base 
НО || +H,0 
HOH,C H, á HOH,C H HOH,C H H 
ИЕ: — Ч с=0 
+H’ e 
OH OH 


Deoxyribose 


25.3 The reaction appears to take place through an 5,2 mechanism. Attack occurs preferen- 
tially at the primary 5'-carbon atom rather than at the secondary 3'-carbon atom. 


р 


N 
NH Michael 
im 
| 


254 C,H,CO,H,C NH, m 


z addition 
С,Н,СОО ООСС,Н, CHO OCH, 


О О 
А 2" 
H, (8 : N 
amide 
C,H,O ty с“ V LY, “formation AS 
(онон) С о 


er (> 
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(a) Тһе isopropylidene group is part of a cyclic acetal and is thus susceptible to hydrol- 
ysis by mild acid. 


(b) Itcan be installed by treating the nucleoside with acetone and a trace of acid and by 
simultaneously removing the water that is produced. 


HOH,C base HOH,C base 
| 9 i 
" | —> 
pe TN -Н.О 
OH OH Н,С СН, Ó 


о 
с 


H,C 


(a) Cordycepin is HOCH, О Ad 


(3'-Deoxyadenosine) 


(b) HOCH, О Ad 


SEt H 
H H 


H OH 


| -S0,, -HCI 
Е 
HNCSt& Ин 
H H H 
`5 
VE H 
H 
Nó. 
20: 
H 


HO H HO H 


2'-Deoxyadenosine 
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34 À х 107m 
10 base pairs A 


257 (a) 6 X 10? base pairs х =2m 


(b) 6 x 10-2 —— x 3 х 109оуа= 1.8 х 10:28 
ovum 


N OH ----------0' СН, 
258 (4) a > < 
N Ne HEN 
vC Уух 
Е о. \ 
H 
Lactim form Thymine 
of guanine 


(b) Thymine would pair with adenine and thus adenine would be introduced into the 
complementary strand where guanine should occur. 


25.9 (а) Adiazonium salt and a heterocyclic analog of a phenol. 


NH, OH 
NA N ` 
< | : НОМО 4 2 5 < | р 
цал ) uda: 
R R R 

о 
N Н 


=> 4 | 2 
л N Hypoxanthine 
R nucleotide 
| 
pee - 
(b) Фа H-N 
NM. Nee aw » 
и : 
юэ Ух 
о \ 
Hypoxanthine Cytosine 


O 2000, Modulo Éditeur inc. / € 2000 John Wiley & Sons Inc. 


25.10 


25.11 


25.12 


25.13 


(c) Original double strand 


First replication 
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Second replication | | 


Ho 


p C Gum 
Emm. 70100127 | 
H 
бест H-N NE 
Ч = tetas N S N, 
N =N 
/ < 
Uracil Adenine 
(in mRNA) (in DNA) 
(a UGG | GGG | UUU ! UAC ' AGC 
(b) Tyr } Gly | Phe | Туг! Ser 
(c) ACC | CCC ! AAA | AUG | ОСС 
Arg Пе e Cys * Tyr * Val 
(a) АСА ! АПА ! UGC | UGG ! GUA 
(b ТСТ | TAT ! ACG ! ACC | CAT 
(c) UCU ! UAU | ACG ! АСС | CAU 


! 
! 
! 
! 
! 
i 
|| 
t 
! 
1 


: No errors in 
C daughter strands 


mRNA 
Amino acids 
Anticodons 
Amino acids 
mRNA 
DNA 


Anticodons 


A change from C-T-T to C-A-T or a change from C-T-C to C-A-C. 
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536 


In Section 1.2B, we discussed briefly the pioneering work of Berzelius, Dumas, Liebig, 
and Cannizzaro in devising methods for determining the formulas of organic compounds. 
Although the experimental procedures for these analyses have been refined, the basic 
methods for determining the elemental composition of an organic compound today are 
not substantially different from those used in the nineteenth century. A carefully weighed 
quantity of the compound to be analyzed is oxidized completely to carbon dioxide and 
water. The weights of carbon dioxide and water are carefully measured and used to find 
the percentages of carbon and hydrogen in the compound. The percentage of nitrogen is 
usually determined by measuring the volume of nitrogen (N,) produced in a separate pro- 
cedure. 

Special techniques for determining the percentage composition of other elements 
typically found in organic compounds have also been developed, but the direct determi- 
nation of the percentage of oxygen is difficult. However, if the percentage composition 
of all the other elements is known, then the percentage of oxygen can be determined by 
difference. The following examples will illustrate how these calculations can be carried 
out. 


À new organic compound is found to have the following elemental analysis. 


Carbon 67.95% 
Hydrogen 5.69 
Nitrogen 26.20 
Total: 99.84% 


Since the total of these percentages is very close to 100% (within experimental error), we 
can assume that no other element is present. For the purpose of our calculation it is con- 
venient to assume that we have a 100-g sample. If we did, it would contain the following: 


67.95 g of carbon 
5.69 g of hydrogen 
26.20 g of nitrogen 
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